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No  Bcienco  is  more  generally  interesting  llian 
that  which  explains  the  common  phenomena  of 
life.  We  see  that  salt  and  snow  are  both  white, 
a  rose  red,  leaves  green,  and  the  violet  a  deep 
pnrple;  but  how  few  persons  ever  ask  the  reason 
why !  We  know  that  a  flute  produces  a  musical 
sound,  and  a  cracked  bell  a  discordant  one — that 
6re  is  hot,  ice  cold,  and  a  candle  luminous — that 
water  boils  when  subjected  to  heat,  and  freezes 
from  cold ;  but  when  a  child  looks  up  into  our  face 
and  asks  us  "  why  " — how  many  times  is  it  silenced 
with  a  frown,  or  called  "  very  fooiiah  for  asking 
such  eiily  questions  !  "  The  object  of  the  present 
book  is  to  explain  about  2000  of  these  questions 
(which  are  often  more  easily  asked  than  answered) 
in  language  so  simple  that  a  child  may  undcrsfand 
it,  yet  not  so  childish  as  to  ofiend  the  scientific. 
In  order  to  secure  the  Btrictest  accuracy  in  the 
answers,  the  most  approved  modern  authors  have 
been  consulted,  and  each  edition  has  been  submitted 
to  the  revision  of  gentlemen  of  acknowledged  repu- 
tation for  Ecientifio  attainments.  Sincere  thanks 
lire  due  to  the  Rbt.  A.  Bath  Power,  M.  A., 
ind  to  RonEBT  Jamks  Manb,  Esq.,  M.  R.  C.  S.,  of 
Buxton,  for  their  most  careful  revisions  of  the 
ffhole  book,  for  many  eseellent  hints  and  useful 
idditions.  In  conclusion,  the  almost  unparalleled 
lueeess  of  this  little  volume,  ef  which  25,000  copies 


VI  PREFACE, 

have  been  printed,  since  the  jcttr  1 843,  la  an  in- 
oontrovertiblc  proof  of  its  accoptabiiitj;  and  Las 
induced  the  author  to  spare  ncitlier  labor  nor  ex- 

Ense  to  render  his  "  Guide  to  the  Scientific  Know- 
ige  of  Things  Familiar"  instructive  and  amusing 
to  the  young,  as  well  as  to  those  of  maturer  life. 

To  teachers  of  schools  it  may  be  advisable  to 
state,  that,  as  every  question  lias  been  again  and 
Bgain-^ubniittcd  to  a  most  rigid  investigation,  no 
material  alterations  will  bo  made  in  future  cditious. 


A  rcmnrlaljle  instance  camo  before  Iho  aulhor  a  ftw 
montlis  since  of  tjio  Ktatcmcnt  mailu  in  llje  early  part  of 
this  preface.  The  conversation  ivasnbunl  smoke — why  it 
was  blaci;,  and  not  white  like  the  fine  dust  of  lime.  A 
little  diiid  who  was  present,  asked,  "  Wliy  ia  llic  IvOttlo  so 
black  with  Brooke  T'  Her  papa  ansivcreil,  "  Bccauaa  it 
bos  been  on  the  IJro;"  "  Bnt^' (ui^ud  lliechilil)  "  whatis 
the  good  of  lis  being  black!"  The  gtiitlcnmn  replied, 
"  Silly  child — you  ask  very  fbolisli  qin;sti<ins— sit  down 
and  liold  your  tongue."  lie  mlglit  havo  ruad  pp,  186, 
and  180,  and  answered  the  child  moi-u  disci'cctly. 


The  Amehican  PiraLisnEna  olTcr  their  revised  edition 
uf  this  ascfiil  hook,  in  ftlll  confluence  that  it  will  meet 
with  an  ci]ual  and  universal  acceptance  both  in  families 
and  schools,  throughout  this  coniitry.  They  believe  il 
will  b*  fnuod  to  contain  an  amount  of  useful  information 
never  before  colleclcd  in  a  shape  so  eouruaient  for  study, 
■ad  BO  easy  for  reftienee. 
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INTRODUCTION. 

Q,  JV/ial  U  HEAT  ? 

A,     The  sensation  of  warmth. 

Q.      IlniD  is  lAis  sensation,  produced  ? 

A.  When  we  touch  a  substance  hot- 
ter than  ourselves,  a  subtile  invisibk 
stream  flows  from  the  hotter  substance, 
and  produces  on  our  nerves  the  "  sensa- 
tion of  warmth." 

Q.  Wlial  is  that  "  sitblile  invisiile  stream  " 
CALLED,  v^kick  Jiows  from  the  holler  siibslance  ? 

A.  Caloric.  Caloric,  therefore,  is 
the  agent,  wliich  produces  the  sensation 
of  warmth;  but  Heat  is  the  sensation 
itself. 

Q.       Wkit  are  the  four  principal  sources  o/" 

A.  l.~Tlie  Sun.  2.— Electncity. 
3. — Chemical  Action;  and  4. — Mechau- 

ical  Action. 

(I')  9 
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Q.        What  arc  the  principal  effects  of  heat? 

A.    Expansion,  Liqueiaclion,  Vapor- 
ization, and  Icrnition. 
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Q.       IVhat  is  the  pniNcirAL  source  of  heal  / 
A.     The  Sun. 

Q.  W7iy  do  buhning  glasses  set  fire  to  sub- 
stances submitted  to  their  fower  ? 

A.  Because,  when  the  rays  of  the 
Sun  pass  through  the  burning  glass,  ihey 
are  bent  toward  one  paint,  called  the 
"  focus  ;"  in  consequence  of  wiiicli,  the 
light  and  heat  at  this  point  are  very 
gready  increased. 

Q.  Why  is  there  a  dauk  eke  round  Ihit 
focus? 

A.  Because  the  rays  of  light  are 
heni  from  the  rim  into  the /ocus;  and, 
as  the  rim  is  deprived  of  these  rays,  it  is 
darkened. 

Q.      Are  all  the  rays  benl  inlo  one  point  ? 

A.  Not  quite  all :  and,  therefore,  the 
rim  round  the  focus  is  not  fpiUe  black, 
but  only  dim. 
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ELECTRICITY. 


CHAPTBE  II. 

ELECTaiCITT. 


Q.       What  is  the  second  chief  soura  ofhtat  ? 
A,     Electricity. 
Q.       What  is  lightning  i 
A.     Lig-litning-    Is    accumulated  etec- 
Iricity  discharged  yrom  Hie  clouds. 

LiUo  that  from  a,  "  Leyden  jar." 
Q.       What  CA03ES  ike  discharge  of  an  electric 

A.  When  a  cloud,  overcharged  with 
electric  fluid,  approaches  another  which 
is  undercharged,  tlie  fluid  rushes  from 
the  former  into  the  latter,  till  both  con- 
tain the  same  quantity. 

N.  B.  It  is  generallf  supposed  that  there  are  two  dif- 
ferent sorts  of  Electricity — one  Vitreous,  and  tha  other 

Q.  Is  Ihtre  any  other  cause  of  lightning,  be- 
tides the  one  just  mentioned  ? 

A.  Yes ;  sometimes  mountains,  trees, 
and  steeples,  will  discharge  the  light- 
ning: from  a  cloud  floating-  near ;  and 
sometimes  electric  fluid  rushes  ou/ of/^e 
tai'th  into  the  clouds. 

Q-       What  produces  electricity  in  (he  cloddb? 

A.  1st — The  evaporation  from  the 
earth's  surface  ; 
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12  ELKCTRICITT. 

2dly — The  chemical  changes^  Avliich 
take  place  on  the  earth's  surface  ;  ant! 

3dly — Currents  of  air  of  unequal 
temperature,  which  excite  electricity  by 
friction,  as  they  pass  by  eacli  other. 

Q.  JIow  moH  are  the  ligiitninq  clodd3 
from  the  earth  ? 

A.  Sometimes  they  are  elevated  4 
or  5  miles  high ;  and  sometimes  actually 
touch  the  earth  with  one  of  their  edges: 
but  they  are  rarely  (/isc/iar^et/  in  a  tliun- 
der  storm,  when  they  are  more  than 
700  yards  above  the  surface  of  the 
earth. 

Q.      How  high  are  the  clouds  generally  ? 

A.  In  &  Jine  day,  the  clouds  are 
often  4  or  5  miles  above  our  heads  ;  but 
the  average  height  of  the  clouds  is  from 
l-J  to  2  miles. 

Q.       Why  is  lightning  somelimes  forked  ? 

A.  Because  the  lightning-cloud  is  a 
Icmg  loay  off;  and  the  resistance  of  the 
air  is  so  great,  that  the  electrical  cur- 
rent is  diverted  into  a  zig-zag  course, 

Q.  Hoto  does  the  resistance  of  the  air  make  fht 
lightning  zig-zag  ? 

A.  As  the  lightning  condenses  the 
air  in  the  immediate  advance  of  its  path, 
it  flies  from  side  to  side,  in  order  to  pass 
where  there  is  the  least  resistance. 
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Q.  Whif  art  there  somelitnei  two  JlasMS  of 
for/xd  ligMniiig  at  the  same  moment  ? 

A.  BeCiiuse  (in  very  severe  storms) 
the  flash  will  divide  iMo  iico  or  more 
parts  ;  each  of  which  wiU  assume  the 
zig-zag  fjim. 

Q.      TF/i!/  is  the  FLASH  sometimes  quite  straight? 

A.  Beciiiise  the  lighlning-cloud  is 
near  Ike  cartk ;  and,  as  the  flash  meets 
with  v>.iy  little  resistance,  it  is  not 
divertcil ;  (m  other  words)  the  flash  is 
straight 

Q.         1V/>..%I  is  SHEET  LIGHTNINO  ? 

A.  Eiiiier  the  reflection  of  distant 
flashes  not  distinctly  visible ;  or  else 
several  fiaslies  intermingled. 

Q.  What  OTHER /m-at  does  lightning  occasion- 
ally  assume  ? 

A.  Sometimes  the  flash  is  globular  ; 
which  is  the  most  dangerous  foi-m  of 
lightning. 

Q,  What  are  those  balls  of  rir.E,  which 
sometimes  fall  lo  the  earth  in  a  tkwider-storm  ? 

A.  Masses  of  explosive  gas,  formed 
in  the  air ;  they  generally  move  more 
slowly  than  lightning. 

Q,       Wliy  are  balls  of  fire  so  very  danqee- 

A.     Because,    when   they  fall,    they 


14 

explode  like   a  cannon ;    and  occasion 
much  mischief. 

Q.  Do  these  halls  of  title  ectr  run  along  ihi 
grmnd? 

A.  Yes ;  sometimes  they  run  a  con- 
aderable  way  along'  the  g:roimd,  and 
explode  in  a  mass  : 

At  other  times  they  split  into  nume- 
rous smaller  balls,  each  of  which  explodes 
in  a  similar  manner. 

Q.  )¥'Aat  MISCHIEF  tcill  these  bath  of  fit  e 
produce  ? 

A.  They  will  set  houses  and  barns 
on  fire;  and  kill  all  cattle  and  human 
beingfs,'  which  happen  to  be  in  their 
course. 

Q.  Whi/  does  lightning  sometimes  kill  men 
and  beasts  ? 

A.  Because  (when  the  electric  cur- 
rent passes  through  a  man  or  beast)  it 
produces  so  violent  an  action  upon  the 
nerves,  that  it  destroys  life. 

Q.  When  15  a  person  tiruek  dead  by  light- 
ning t 

A.  Only  when  his  body  forms  a  part 
of  the  liglUning's  path ;  i.  e.  when  the 
electric  fluid  (in  its  way  to  the  earth) 
actually  passes  through  his  body. 

Q.      Why  are  men  tomeCimes  maimed  iy  light- 
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A,  Because  the  electric  fluid  pro- 
duces an  action  upon  the  nerves  sufficient 
to  injure  them,  but  not  to  destroy  life. 

Q.       TFXffli  jsniHNDEn.? 

A.  Tlie  noise  made  by  the  concussion 
of  the  air  when  it  closes  again,  after  it 
has  been  parted  by  the  lig-htning^  flash. 

A  part  of  tho  noise  is  owing  to  ixria.aipkysiadandche'M- 
i.'.al  changes  produced  in  the  air  by  the  electric  fluid. 

Q.  Wky  does  lightning  pari  the  air  through 
which  it  passes  ?  it  does  not  part  a  rod  of  iron. 

A.  As  iron  is  a  conductor,  it  allows 
the  fluid  to  pass  freely  over  it ;  but  air 
(being"  a  non-conductor)  resists  its  pas- 
sage. 

Q.       Why  is  thundbk   somelimes   one   vast 

A.  Because  the  lightning-cloud  is 
near  the  earth;  and  as  all  the  vibrations 
of  the  ail-  (on  which  sound  depends) 
reach  the  ear  at  the  same  moment,  they 
seem  like  one  vast  sound. 

Q.  H-^y  is  the  peal  sometimes  an.  ikregulae, 
hroien  ttOAE  ? 

A.  Because  the  lightning-cloud  is  a 
long  way  off;  and  as  some  of  the  vibra- 
tions of  the  air  have  much  further  to 
travel  than  others,  they  reach  the  ear  at 
diffei'ent  times,  and  produce  a  contimious 
Bound, 
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Q,       Which  vibrations  imll  be  si>onr.st  hard  ! 

A.  Those  produced  in  llie  lowest  por- 
tions of  the  air. 

Q.  Whi/  wiU  those  viiraliohs  be  heard  nasT; 
^ehi(h  am  made  last! 

A.  Because  theflasli  (which  produces 
the  sound)  is  almost  instantaneous,  but 
sound  takes  a  whole  second  of  time  to 
travel  380  yards. 

Q,  ^  a  thundcr-clovd  were  1900  yards  off, 
hoa>  long  would  the  peat  last  ? 

A.  Pive  seconds  ;  we  should^^rsl  hear 
the  vibrations  produced  in  those  portions 
of  the  air  contiguous  to  the  earth  ;  then 
those  more  remote ;  and  it  would  be  5 
seconds  before  those  vibrations  reached 
us,  which  were  made  in  the  immediate 
vicinity  of  the  cloud. 

380  X  5  =  1900. 
A  popular  method  of  toiling  how  liir  fiie  fitomi  is  off  Is 
Biia — Iiiinicsliuljjly  you  see  tlie  flash,  put  your  Imnd  upon 
your  pulse.and  count  how  many  times  it  boats  be  (bra  y  on 
hear  the  tijunder;  iritbeats6  pulsations,  the  Klorm  U  1 
mile  off;  if  12  pulsations,  it  is  2  miles  off,  iintl  so  on. 
Q.       Why  is  the  thunder  sometimes  like  a.  dee^ 

GROWL  ? 

A.  Because  the  storm  \%far  distant, 
and  tlie  sounij  of  the  thunder  indistinct. 

Q.  is  Tuil  the  sound  of  thunder  afftctcd  dp 
LOCAL  circumstances? 

A.  Yes;  \\ie flatter  the  countiy,  the 
more   uiibruken   the   peal.       Mjuntain 
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scenery  breafcs  the  peal,  and  makes  it 

harsh  and  irregular. 

Q.      What  is  the  cause  of  hollino  thusderI 
A,     The  vibrations  of  air  (having- rfi^ 

ferent  Icngtlis  to  travel)  reach  the  ear  at 

successive  intervals. 


Q.  Whi/  is  0,  flash  oflighlnins  generally  fol- 
lowed by  POURING   RAIN  1 

A.  Tlie  flash  produces  a  chanj>"e  in 
the  physical  condiiioit  of  the  air,  rendering 
it  unable  to  hold  so  much  v/ater  in  solu- 
tion as  it  could  before  ;  in  consequence 
of  which,  a  part  is  given  off  in  heavy 
rain. 

Q.  Why  is  a  flash  of  lightning  generfUy  fol- 
Imoed  by  a  gust  op  wind  t 

A.  Because  ihephysical  condition  of 
the  air  is  disturbed  by  the  passage  of  the 
lightning,  and  wind  is  the  result  of  this 
disturbance. 

Q.       Why  is  there  tio  TmjsoEn.  lo  what  is  called 

EHMMEIl   LIGIITKING  ? 

A.  Because  the  lightning-clouds  are- 
so  far  distant,  that  the  sound  of  the  ihuu- 
der  is  lost,  before  it  reaches  the  ear. 

Q.  Do  THUNDER-BOLTS  ivcr  drof  from  thf 
douds? 

A.    No ;    the  notion  of  tlvindey-holh 
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arises,  either  from  the  globular  form 
which  lig-htiiino-  sometimes  assumes;  or 
else  from  ttie  gaseous  Jirti-halls,  which 
sometimes  fall  from  the  clouds. 

See  page  13. 
Q.       Why  is  the  THUNDEa  often  several  movuMt 

jiPTEtt.    the    PLASH  1 

A.  Because  it  has  a  long  way  to 
come.  Lightning  travels  nearly  a  mil- 
lion times  faster  than  thunder;  if,  there- 
fore, the  thunder  has  a  long  way  to  come, 
it  will  not  reach  the  earth,  till  a  consi- 
derable time  after  t/iejlash. 

Q.  Can  we  not  Idl  the  distance  of  a  thunder- 
cloud, by  observing  the  interval  which  elapses  between 
Ike  flask  awl  the  peal  ? 

A.  Yes  ;  the  flash  is  instantaneous* 
Dut  thunder  will  take  a  whole  second  of 
time  to  travel  380  yards :  hence,  if  the 
flash  be  5  seconds  before  the  thunder, 
the  cloud  is  1900  yards  off".  {See  note, 
p.  16.) 

i.  e.  380  X  G  =  1300  yards. 
Q.       What  PLACES  are  most  dan CfBitous  during 

«  STOKM  ? 

A.  It  is  very  dangerous  to  be  near  a 
tree,  or  lofty  building;  and  also  to  be 
near  a  river,  or  any  running  water. 

*  Thu  spued  of  liglitiiing;  is  so  great,  tliat  it  would  go 
480  times  round  the  earth  m  one  miuiite :  wherena  thnn- 
der  would  £0  scarcely  13  miles  in  the  eamc  space  of  lime. 


LIGHTNING, 


Q.       Wh^  isUn 
tr  lofiy  building,  during  a  thunder-slorm  ? 

A.  Because  a  tall  pointed  object  (like 
a  tree  or  spire)  will  fiequentty  discharge 
a  iig-litning-cloud  ;  and  if  any  one  were 
standing"  near,  the  iig-htning  might  di- 
verge from  the  tree,  and  pass  through 
the  fluids  of  the  human  body. 

Q.  JIoiD  can,  a  tkeb  or  spire  discharge  a 
lightning-cloud  ? 

A.  A  lightning-cloud  (floating  over 
a  plain)  may  be  too  far  off  to  be  dis- 
charged by  it ;  but,  as  a  tree  or  spire 
would  shorim  this  distance,  it  might  no 
longer  be  too  far  off  to  be  discharged. 

For  example.  If  a  lightning-cloud  wore  700  yarda 
•bove  the  earth,  it  would  bo  loo  far  ajfto  be  discliai^yd  ; 
but  a,  trao  or  spire  50  jmrds  higli  would  make  tlie  cloud 
only  C50  yards  off  a  conductor ;  in  conscquonco  of  which, 
the  cloud  would  he  instantly  duc^arged. 

Q.      Is  not  AIR  a.  cosnvcToR  of  lightning  ? 

A.  No  ;  dry  air  is  iiot  a  conductor  of 
lightning. 

Q.  ^Vlly  would  lightning  fiij  from,  a  tree  or 
spire,  into  a  man  stayidmg  near  ? 

A.  JJecause  the  electric  fluid  (called 
lightning)  always  chooses  for  its  path  the 
best  conductors  ;  and,  if  the  human  fluids 
proved  the  belter  conductor,  would  pass 
through  tho  man  standing  near  the  tree 
rather  than  down  the  tree  itself. 
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Tlierc  would  ba  no  danger  if  the  tree  or  apire  were 
made  ofni-clal;  because  metal  is  a  bottur  conductor  Uum 
the  humLtn  fluids. 

Q.  Does  lightning  go  through  the  insi/le.  or 
down  the  outside  of  a  tree  ? 

A.  It  runs  down  the  outnide  of  a  tree  ; 
but  passes  through  the  inside  of  a  man. 

Q.       Wki/  does  lighlning  pass  down  the  outsids 

A.  Because  it  always  makes  choice 
of  the  best  conductors ;  and  the  outside 
of  a  tree  is  a  better  conductor  than  the 
inside. 

Q,  Why  does  lighlning  pass  through  the  i»- 
BIDE  of  a  man,  ? 

A.  Because  the  fiuids  nf  the  human 
bcdy  malce  a  better  conductor  than  the 
sHn  ;  therefore,  lightning  passes  through 
a  man,  and  not  down  his  skin. 

Q.  M^i.y  is  it  dangekous  to  be  near  a  deep 
EIVEH,  or  any  other  running  water,  during  a  thun- 
der-storm, ? 

A.  Because  running  water  is  a  good 
conductor ;  and  lightning  always  takes 
in  its  course  the  best  conductors. 

Q.  Why  is  it  dangerous  for  a  man  to  be  ne4E 
WATER  in  a.  ihunder-stoTm  ? 

A.  Because  the  lieiglit  of  a  nian  may 
be  sufficient  to  discharge  a  cloud  and 
(if  there  were  no  talkr  object  nigh)  the 
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lig^blning'  mig-ht  make  the  man  its  coi»' 
ductor  to  the  waler. 

Q,  W^yis  it  DAtJCEnous  to  niNo  churce 
BELLS  during  a  Ikuiider'Slorm  7 

A.  For  two  reasons  :  1st — Because 
the  steeple  may  discharge  the  lig-htning^- 
cloud,  merely  from  its  height;  and 

2dly — As  the  swing'ino"  of  the  bells 
puts  llie  aij-  in  motion,  it  diminishes  its 
resistance  to  the  electj-ic  fluid. 

Q.  Why  is  it  unsafe  to  run  or  drive  fast 
duriTig  a  ihumhr-storm  ? 

A.  Because  it  produces  a  current  of 
air;  and,  as  air  in  motion  affords  less 
resistance  to  the  flash,  it  is  a  belter  con- 
ductor tlian  at?-  in  a  state  of  rest. 

Q.  What  PARTS  of  a  dwelling  are  most  dan- 
gerous during  a  thunder-storm  ? 

A,  The  fire-place,  especially  If  the 
fire  be  lighted;  the  attics  and  cellar.  It 
is  also  imprudent  to  sit  close  by  the 
walls,  to  ring  the  bell,  or  to  bar  the  shut- 
ters, during-  a  thunder-storm. 

Q.  IVky  is  it  dangerous  to  sit  before  a 
FiRE  during  a  Ikundtr-storm  ? 

A.  Because  the  heated  air  and  sool 
are  conductors  of  lightning' ;  especially 
when  connected   with  such  excellent 
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comluctoi-s  as  the  stove,  fender  and  fire- 
irons. 

Q.  Why  are  attics  and  cellars  more  dan- 
SERODs  ire  a  Ihunder-slorm,  than  ike  middle  slory 
ef  a  hoTise  ? 

A.  Because  lightning' some  times  pass- 
es//wjif/ie  cloxuk  to  the  earth,  and  some- 
times from  the  earth  to  the  clouds ;  in 
either  cases  the  middle  story  would  be 
the  safer  place. 

Q.        Wken   does    lightning    pass    from    the 

EAItTH  to  the  CLOUDS  ? 

A.  When  the  clouds  are  in  a  "nf;^a- 
tive"  stale  of  electricity. 

Q.       When,  does  lightning-   pass    feom    the 

CLOUDS  to  the  EAKTH  ! 

A.  When  the  clouds  are  in  a  "  posi- 
tive" state  of  electricity. 

Q.  What  is  meant  hy  the  clouds  being  in  a 
"positive  state  of  ekctricily  ?" 

A.  When  the  clouds  contain  more 
electric  fluid  than  they  generallij  do,  they 
are  said  to  beina  "^wstiire  state  of  elec- 
tricity." 

Q.  What  is  meant  by  the  clouds  being  in  a 
"  negative  stale  of  electricity  ?" 

A.  When  the  clouds  contain  less 
electric  fluid  than  they  ought  to  do,  they 
are  said  to  be  in  a  "  negative  state  of 
electricity." 
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Q,  Does  the  flash  proceed  from  a  negalivt  or 
POSITIVE  body  ? 

A.  Always  from  a  positive  body ; 
that  is,  ffoin  one  (wer-charged  with  elec- 
tric fluid. 

It  ia  generally  tlionght  that  there  are  two  forfj  of  elec- 
tricity, one  called  viTKEOua,  corresponding  to  paiitice  elec- 
tricity; and  the  other  called  reeinous,  corresponding  to 
negative  electricity. 

Q.  Wli4n  lightning  flashes  from  the  earth  to 
the  clouds,  what  is  the  flash  called  t 

A.  it  is  popularly  called  the  "return- 
ing stroke ;"  because  the  earth  (being 
over-charged  with  electric  fluid)  returns 
the  surplus  quantity  to  the  clouds. 

Q.  Whri  is  it  DANGEaors  to  lean  against  a 
WALL  during  a  Ihwnder-storm.  ? 

A.  Because  the  electric  fluid  will 
sometimes  run  down  a  wall;  and  (as  a 
man  is  a  better  conductor  than  a  wall) 
would  leave  the  icall,  and  run  down  the 
man. 

Q.  Why  is  it  danger/jus  to  ring  a  bell  dur- 
ing a  ikunder-slorm  ? 

A.  Bell-wire  is  an  excellent  conduc~ 
tor;  and  (if  a  person  were  to  touch  the 
bell-handle)  the  electric  fluid,  passing 
down  the  wire,  might  run  through  hia 
hand  and  injure  it. 

Q.  IVky  would  the  lightning  "Tin  through  a 
vtan  touching  a  bell-handle  ? 

I  .i.t.,  Google 
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A.  Because  the  human  body  is  a 
better  conductor  than  the  iduII  (between 
the  bell-haiidle  and  the  floor) ;  and  as 
lightning'  always  chooses  the  best  con- 
ductor for  its  path,  it  would  (in  tliis  case) 
pass  ihroug'h  the  man,  and  uijure  him. 

Q  Why  is  it  dangecous  to  bar  a  siivtteu 
during  a  tkunder-storm  ? 

A.  Because  the  iron  shutter-bar  is  an 
excellent  condiictm- ;  and  the  electric  fluid 
might  run  from  the  bar  through  the  per- 
son touching  it,  and  injure  iiim. 

Q.  V/hy  is  it  dangerous  to  he  m  a  crowd 
dwring  a  thuiuler-slcrm? 

A.  For  two  reasons:  1st — Because 
a  mass  of  people  forms  a  better  conductor 
than  an  individual ;  and 

2dly — Because  the  vapor  arising  from 
a  crowd  increases  its  conducting  power. 

Q.  IVkj/  is  a  MASS  of  bodies  a  belter  conductor 
than  a,  single  body  ? 

A.  Ea(Ji  living-  body  is  a  conductor 
of  electricity;  and  a  connected  mass  of 
Buch  conductors  is  more  likely  to  be 
struck,  than  a  single  individual. 

Q.  Why  is  the  danger  mcreased  by  Che  VAPoa 
which  rises  from  a  crowd  ? 

A.  Because  vajior  is  a  conductor; 
and  the  more  conductors  there  are,  the 
greater  the  danger  will  be. 
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Q.  Whj/  is  a  THEATRE  dangerous  during  a 
thunder-storm  ? 

A.  Because  the  croicd,  and  great  va- 
por avisino;  from  so  many  living  bodies, 
render  it  an  excellent  conductor  of  llglii- 
ning. 

Q.  Why  is  a  flock  of  sheep  in  grcaUr  dan 
gefr  than  a,  sui/iller  number  ? 

A.  isl — Because  each  sheep  is  a  con- 
ductor of  lig-htning-,  and  the  concliictinof 
power  of  the  Jtock  is  increased  by  its 
numbers :  and 

2dly — The  very  vapor  arising-  from  a 
flock  of  sheep  incretises  its  conducting 
power,  and  its  danger. 

Q.  Why  is  a  herd  of  cattle  in  danger  during 
a  storm  ? 

A.  1st — Because  the  numhei-  ofliving 
bodies  increases  the  conducting  power 
of  their  ammai_^ui(fe;  and 

2dly — The  very  vapor  arising  from  a 
herd  increases  its  conducting  power. 

Q.  Jf  a  person  be  AsaoAD  in  a  thunder-slorm, 
what  place  it  the  safest  1 

A.  Any  place  about  20  or  30  feet 
from  some  tall  tree  or  building  ;  except 
it  be  near  to  running  water. 

Q.  TVhy  icmild  il  be  safe  to  stand  20  w  30 
ftetfrom  some  laU  tree,  in  a  ihuiuler-storm  ? 

A.     Because  the  lightning  would  el- 
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ways  choose  the  tall  tree  as  a  conductor ; 
and  we  should  not  be  sufficiently  neat 
the  tree,  for  the  lightning  to  diverge  from 
it  to  us. 

Q.  ^  a  person  be  in  a  carriaoe  m  a  thitn- 
der-slorm,  in  what  way  can  he  travel  most  hafely  ? 

A.  He  should  not  lean  against  the 
carriage  ;  but  sit  upright,  without  touch- 
ing any  of  the  four  sides. 

Q.  Whj/  should  not  a  person  lean  against  l.he 
carriage  in  a  storm  ? 

A.  Because  the  electric  fluid  might 
run  down  the  sides  of  the  carriage  ;  and 
(if  a  person  were  leaning  against  them) 
would  make  choice  of  him  for  a  conduct- 
or, and  perhaps  destroy  life, 

Q.  ^a  person  be  in  a  HOUSE  during  a  tkun- 
der-slorm,  what  place  is  safest  ? 

A.  Any  room  in  the  middle  story. 
The  middle  of  the  room  is  best ;  espe- 
cially if  you  place  yourself  on  a  mat- 
tress, bed,  or  hearth-rug. 

Q.  Why  is  the  middle  story  of  a  house  saf- 
est in  a  thunder-storm  ? 

A.  Because  the  fluid  (if  it  struck  the 
house  at  all)  would  be  diffused  among 
the  several  conductors  of  the  upper  part 
of  the  house,  before  it  reached  the  mid- 
dle story;  in  consequence  of  which,  its 
force  would  be  weakened. 
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Q.  Why  is  the  miiidle  of  the  room  more  safe 
than  any  otiier  pari  of  it,  in,  a,  thunder  stoTra  ? 

A.  Because  the  lig-Iitning  (if  it  struck 
the  room  at  all)  would  come  down  the 
chimnsij,  or  to^ills  of  the  room  ;  and, 
therefore,  the  further  distant  from  these, 
the  better. 

Q.  Why  is  a  mattress,  bed,  or  heartii-ruo 
a  good  scairky  against  in-jury  from  lightning? 

A,  Because  they  are  all  non-condact- 
ors ;  and,  as  lightning:  always  makes 
choice  of  the  best  conductors,  it  would 
not  choose  for  its  path  such  things  aa 
these. 

Q.      Is  it  better  to  be  wet  or  dry  during  a 

A.  To  be  ivel :  if  a  person  be  in  the 
open  field,  the  best  thing  he  can  do,  is 
to  stand  about  20  feet  from  some  tree, 
and  get  completely  drenched  to  the  skin. 

Q.       Why  is  it  better  to  be  wf.t  than  dry  ? 

A.  Because  tuet  clotlies  form  a  better 
conductor  than  the  Jluids  of  our  body ; 
and,  therefore,  lightning  would  pass 
down  our  wet  clotlies,  loithaut  t'Mching 
our  body  at  all. 

Q.  What  is  the  safest  thing  a  person  can  do, 
io  avoid  injury  from  lightning? 

A  He  should  draw  his  bedstead 
jato  the  middle  of  the  room,  commit 
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himself  to  the  care  of  God,  and  go  to 
bed ;  lemembenng'  (hat  our  Lord  has 
said,  "  The  very  haire  of  your  head  are 
all  numbered." 

N.  B.  No  great  danger  needs  really  to  te  appreheDde^ 
from  liglifning,  if  you  avoid  taking  your  position  near  tall 
fa^es,  spires,  or  other  elevated  objects. 

Q.        WAal  is  a  LlGHTNiNOCONDUCTOR  1 

A.  A  metal  rod  fixed  in  the  earth, 
running  up  the  whole  heig-lit  of  a  build- 
ing', and  rising:  in  a  point  above  it. 

Q.       What  mdal  is  the  best  for  this  purpose  ? 

A.     Copper  makes  the  best  conductor. 

Q.       WAi/  is  COFFER  better  than  ircm  ? 

A.  1st — Because  copper  is  a  better 
conductor  than  iron : 

2dly — It  is  not  so  easily  fused  or 
melted;  and 

3dly — It  is  not  so  much  injured  by 
weather. 

Q.       WAal  is  the  use  o/"  a  lightning-conductor  f 

A.  As  metal  is  a  most  excellent  con- 
ductor, lightning-  (which  makes  choice 
of  the  best  conductors)  will  run  down  a 
melal  rod,  rather  than  the  walls  of  the 
building. 

Q.  How  FAR  wUl  Ihe  beneficial  influence  of  a 
aghtning-conductoT  extend  ? 

A.     It  will  protect  a  space  all  round, 


4  times  the  length  of  that  part  of  the  rod 
which  rises  above  t'te  building. 

Q.       Give  me  an  example. 

A.  If  the  rod  rise  2  feet  above  the 
house,  it  will  protect  the  building"  for  (at 
least)  8  feet  all  round. 

Q.  Wh,^  are  not  Ughlniiig-condwdors  more 
generally  used  ? 

A.  Because  many  accidents  have 
arisen  from  conductors  of  defective  con- 
struction. 

Q.       How   can  ligMning-condudors  be  prodiic- 

A.  If  the  rod  be  broken  by  weather 
or  accident,  the  electric  fluid  (being 
obstructed  in  its  patli)  will  damage  the 
building. 

Q,  Is  there  any  other  evil  to  be  apprehended 
from  a,  lightning-rod  ? 

A,  Yes;  if  the  rod  be  not  big  enough 
to  conduct  the  ip/io/e  current  to  the  earth, 
the  lightning  will  fuse  the  metal,  and 
injure  the  building. 

The  conducting  rod  should  be  (at  least]  ttiK  inck  in  dU 

Q.  Hovj  does  LiGHTNma  sometimes  knock 
DOWN  HOUSES  and  churches  ? 

A.  The  steeple  or  chimney  is  fii-st 
struck;  the  lightning  then  darts  to  the 
iron  bars  and  cramps,  employed  in  the 
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building:;  and  (as  it  darts  from  bar  to 
bar)  stiatiers  to  atoms  tlie  bricks  and 
Btones  which  oppose  ils  progress. 

Q.  Can  yov,  tell  ii%e  how  St.  Brides  Church 
(London)  was  nearly  destroyed  by  lightning,  about 
100  years  ago  ? 

A.  The  lig'htniiig  first  struck  the 
metal  vane,  and  ran  down  the  rod ;  it 
then  darted  to  the  iron  cramps,  employed 
to  support  the  building:;  and  (as  it  flevr 
from  bar  to  bar)  smashed  the  stones  of 
the  church  which  lay  between 

Q.  Why  did  the  hghlnmg  jltj  about  from 
place  to  plactj  and  wt  pass  down  in  a  straight 

A.  Because  it  always  takes  m  its 
course  the  b  st  condactoi  s ,  and  will  fly 
both  rio:ht  and  left,  in  order  to  reach 
them. 

Q.  Why  does  lightning  turn  milk  sour  7 
A.  Lightning  causes  the  gases  of  the 
air  (through  which  it  passes)  to  combine, 
and  thus  produces  a  poison,  called  nUiic 
add;  some  small  pordon  of  which,  mix- 
ing with  the  milk,  turns  it  sour.* 

*  The  air  \s  composed  of  tWT  gases,  called  oxygen  and 
nilrogen.  mi-ced  together,  but  not  atmbincd.  Oiygen  <ot*- 
biped  with  tiitrogen,  produces  flvo  deadly  poisons,  viz,— 
nitrons  osido,  nitric  oxLde,  hyponitroas  acid,  nitrous  acid, 
ind  niiric  acid,  accordiug  U>  the  proportion  of  each  gas  in 
the  combiuation. 


.i.t :.  Google 


J.laHTNINO.  31 

N.  B.  Somstimea  the  trere  heat  of  the  air,  during  tba 
ttona,  turns  milk  aoar. 

Q.  What  is  Chi  difermce  between  combining 
and  HixiNo! 

A.  When  different  ingredients  are 
mingled  together  loWioiU  undergoing  any 
c/ieinical  c/mnge,  tliey  are  said  Id  be 
mixed;  but  wlien  the  natural  properties 
of  each  are  altered  by  tlie  union,  then  those 
ingredients  are  said  to  be  combined. 

Q.       Give  me  an  txample. 

A.  Different  colored  sands  (shaken  to- 
^ctlier  in  a  bottle)  will  mix  together,  but 
ot  combine:  but  water  poured  on  quiclc- 
lime,  will  combine  with  the  lirae,  and  not 
mix  with  it. 

Q.  Why  are  different  grains  of  sand  said  U 
he  MIXED,  inhen  tkey  are  shaken  togetker  .' 

A.  Because  (though  mingled  togeth- 
er) the  property  of  each  grain  remains 
the  same  as  it  was  before. 

Q.  IVhy  is  Mfflier,  poured  on  lime.,  said  to 
COMBINE  teilh  it  ? 

A.  Because  the  properties  of  each 
are  altered  by  the  mixture  ;  the  lime  al- 
ters ihe-character  of  tlie  water,  and  the 
water  that  of  the  lime. 


Q.      Do  oxygen  and  nitrogen  combine,  or  only 
MIX  together,  in  common  atmospheric  air  ? 

A.     Theyonlyrm.r  together,  as  grains 
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of  sand  would  do  when  shaken  in  a  b  Jt- 
tle.  When  oxyg-en  and  nilrogen  com- 
bine, they  do  not  constilute  air,  but  acid 
poisons.     {See  note  on  p.  30.) 

Q.         Why  does  LIGHTNING  tum  BEER   SOOR,  flj. 

though  contairied  in  a  dose  cask  1 

A.  Because,  if  beer  be  n/'AO  and  the 
processor  fermentation  incomplete,  Iju-ht- 
ning  will  so  accelerate  the  process,  as  to 
turn  the  sugar  into  acetic  add  at  once, 
without  ■passing'  through  tlie  interme- 
diate state  of  alcohol. 

Q.  WJ.y  is  NOT  OLD  beer  and  strong  poaiER 
made  sodr  iy  lightning  ? 

A.  Because  the  Jh'mcntation  is  more 
com,plete  ;  and,  therefore,  is  less  affected 
by  electrical  influence. 

Q.       Why  is  METAL  sometimes  fused  by  light 

A.  Because  the  dimension  of  the 
metal  is  too  small  to  afford  a  path  for  the 
electric  current. 

Q        WTty  does  lightning  purify  Ihe  air  ? 

A.  For  two  reasons  :  1st — Because 
the  electric  fluid  produces  "  nitric  acid" 
in  its  passage  through  the  air : 

2dty — Because  the  agitation  of  the 
storm  stirs  up  the  air. 
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Tlie  "  nitric  acid  "  is  produced  by  the  combhuilum  ot 
•ome  portioaa  of  the  oxygen  iiitl  uilrogen  of  the  air.* 

Q,  Mou)  doex  Ike  production  of  nilric  acid  poki- 
SYOieair} 

A.  Nitric  acid  acts  very  powerfully 
in  destroying  tJie  exltaUuions,  which  arise 
from  putrid  vegetable  and  animal  matters. 

Q.  TFAy  is  i-jghtnino  moTS  commm  in  soi- 
HEB.  and  in.  autuhn,  tkau  in  spring  and  winter  f 

A.  Because  tlie  heal  of  summer  and 
autumn  'pmd.ucbs, great  evaporation  ;  and 
the  conversion  of  iDatei-  into  vapor  alvirays 
developes  electricity. 

Q.  Why  does  a  iiivsdetl-siora  generally  f»' 
low  very  dry  weallter  1 

A.  Because  dnj  air  (being;  a  noD- 
coiifiuctor)  will  not  relieve  tlie  clouds  of 
their  electricity  ;  so  the  fluid  accumulates, 
till  llie  clouds  are  discharged  in  a  storm. 

Q.  Why  does  a  THONDEa-sxoRM  rarely  me- 
ued  WET  weather  1 

A.  Because  moist  air  or  fallings  rain 
(being'  a  conductor)  carries  down  the 
electric  fluid  gradually  and  silendy  to 
the  earth. 

Q.       Whal  is  Ike  generai  dieection  of  a.  Tmr»« 

DEa- STORM  t 


•  The  osygen  and  nitrogen  are  not  combived,  bnt  simply 
mixeil,  ID  tliH  or<linai'y  nu';  but  lightning  can.sea  soma 
portions  ol  thi<  mixed  ulviauiita  to  comii'me.  See  note,  p.  S& 
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A.  Either  from  east  to  west ;  oi  frora 
oorlh  to  south. 

Q.      Why  is  electricity  excited  by  pruitjon  T 

A.     Electricity,  like  heat,  exists  in  all 

matter  ;    but  is  often  in  a  latent  stato  : 

friction  disturbs  it,  and   brino^s  it   into 

active  operation. 

"Latent,"  see  p.  37. 

Q.  Why  is  a  tree  sometimes  scorched  Sj 
Ughtning,  as  if  it  had  been  set  on  fire  t 

A,  Lightnings  scorches  by  its  own 
positive  heat,  just  the  sanne  as  fire  would, 

Q.  Why  is  ike  bark  of  a  tree  often  ripped 
•!ttile  off  by  a  flash  of  lightning  ? 

A.  Because  the  latent  heat  of  the 
tree  (being;  very  rapidly  developed  by 
the  electric  fluid)  forces  away  the  bark 
in  its  impetuosity  to  escape. 

Some  pm-t  of  this  is  probably  due  to  the  simple  ntechan- 
ictU  force  of  the  ligbtniog. 

Q.  Why  are  boughs  of  trees  broken  of  bij 
lightning  ? 

A.  Because  the  mechanical  force  of 
lightning  is  very  great;  and,  as  the 
boughs  of  a  tree  are  imperfect  conduct- 
ors, they  will  often  be  broken  off  by  tliis 
force. 

Q.       Why  is  an  electric  shock  fell  most  ai  Ihs 

SLBOW  JOINT? 

A.    Because  the  path  of  the  fluid  ia 
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obstructed  by  t/ie  joint ;  and  the  shock 
(felt  at  the  elbow)  is  caused  by  the  fluid 
leaping  from  one  bone  to  another. 

Q.      /*  electricity  accompanied  wUh  any  ODoa? 

A.  Yes;  near  a  larg^e  electrical  ma- 
chine in  good  action,  tliere  is  always  a 
peculiar  odor,  resemblino^  sulphur  and 
phosphonis  ;  this  odor  is  called  "  Ozone." 

Pronounce  o-zone,  in  tivo  syllables. 
Q.      lias  this  peculiar  odor,  calUd  "  Ozokb," 
been  observed  in  thunder-storms  7 

A.  Yes ;  smnetiiiies  the  sulphurous 
odor  prevails,  and  sometimes  the  phos- 
phoric. 

If  the  gaseous  body  disengaged  by  lightning,  reaches  iii 
In  a  amceitlraiea.  form,  the  odor  if  " "  '''  '-  " 


Q.       What  are 

A.  Hollow  tubes  produced  in  sandy 
Boils  by  the  action  of  lig-htning, 

Q.      How  does  lightning  produix  fidgurites  ? 

A.  When  it  enters  the  earth,  it  fuses 
the  flinty  matter  of  the  soil  into  a  vitre- 
ous (or  glassy)  substance,  called  a  ful- 
gurite. 

Q.  Does  not  lightning  sometimes  affect  tht 
iharacter  of  laos  and  steel  I 

A.  Yes;  bars  of  iron  and  steel  ore 
sometimes  rendered  magnetic  by  light- 
ning. 

Ht,itt.b.Googlc 


Q.  Giti  me  an  instance  of  ths  magivlK  effect* 
of  lightning. 

A.  Sometimes  it  will  reverse  the  mag:- 
netic  needles  of  the  electric  telegraph, 
and  sometimes  destroy  their  magnetism 
altogrether. 

Q.  What  is  meanl  by  the  magnetic  needle* 
being  EE VERSED  ? 

A.  That  part  of  the  needle  which 
ought  to  point  toward  the  norC/t,  is  made 
to  point  toward  the  south  ;  and  that  part 
which  oug'ht  to  point  south,  is  made  to 
point  toward  the  north. 

Q.  How  does  lightning  act  upoit  the  magvMii 
needles  of  the  ekctric  tekgraph  ? 

A.  The  electric  fluid  is  conveyed 
along  the  conducling  wires  to  the  tele- 
graphic needles. 
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CHAPTER  III. 

Q.       What  is  the  THfiiD  chief  source  of  heal  f 

A.     Chemical.  Action. 

Q.  IVhai  is  faeant  by  chemical  action  being 
the  source  of  heat  ? 

A.  Many  things,  when  theirchemical 
constitution  is  changed  (either  by  the 
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abstraction  of  some  of  their  gases,  or  by 
the  combination  of  others  not  before  unit- 
ed) evolve  heat,  while  the  change  is  go- 
ing on. 

Q.      Explain  by  illustration  what  yov,  mean. 

A.  Water  is  cold,  and  sulphuric  aciU 
is  cold ;  but  if  these  two  cold  liquids  be 
mixed  together,  ihey  will  produce  intense 
heat. 

Q.  W%y  does  cold  water,  poured  on  lime, 
make  ii  intensely  hot! 

A.  Because  heat  is  evolved  by  the 
chemical  action  which  takes  place,  wlien 
the  cold  water  combines  with  the  lime. 

N.  B.  Heat  Is  always  evolved,  when  a  fluid  is  concerted 
into  a  solid  form.  Heat  is  always  absorbed,  when  a  solid  it 
elianged  into  a  liguid  state.  As  tlie  water  is  changed  from 
Its  liqaid  form  when  it  is  taken  up  by  the  lime,  thereforf^ 
heat  is  given  off. 

Q.       WTiere  does  the  heal  come  from  ? 

A.  It  was  in  the  water  and  lim&  be- 
fore ;  but  was  in  a  latent  state. 

Q,  Was  there  keat  in  the  cold  vialer  and'  hmef 
b^ore  they  were  mixed  together  1 

A.  Yes.  All  bodies  contain  heat; 
the  coldest  ice,  as  well  as  the  hottest  fire. 

Q.       h  there  heat  euen  in  ice? 

A.  Yes;  but  it  isteeni  (i.  e.,  notpei^ 
ceptible  to  our  senses.) 

Latect,  fhim  the  Latin  wont  Lateo,  (to  lie  Lid.) 


Q.  ITow  do  you  know  there  is  heat^  if  you 
cannot  tki^ceive  it  ? 

A.  Thus: — Ice  is  32°  by  the  ther- 
mometer ;  but  if  ice  be  melted  over  a  fire, 
(though  140°  of  heat  are  absorbed  by  the 
firocess,)  it  will  feel  no  hoU&r  than  before. 

i.  e.,  it  will  bo  only  S3P,  anil  not  IT1°* 
Q.       ^Vhat  becomes  of  the  140°  which  went  inte 
the  ice  to  melt  it  ? 

A.  It  is  hidden  in  the  water ;  or  (to 
spealf  more  scientifically)  it  is  stored  up 
in  a  laicni  state. 

Q.  IIow  MUCH  heat  may  he  thus  secreted  or 
made  lalciU  ? 

A.  All  things  contain  a  vast  quantity 
of  latent  heat ;  but  as  much  as  1140°  of 
heat  may  remain  latent  in  water. 

Q.  How  can  \  140°  of  heat  be  added  to  water, 
without  being  perceptible  to  ow  feelings? 

A.  1st— 140"  of  heat  are  hidden  in 
water,  when  ice  is  melted  by  the  sun  or 
fire. 

2d!y — 1000''  more  of  heat  are  secret- 
ed, when  water  is  converted  into  steam. 
Thus,  before  ice  is  converted  into  steam, 
1140°  of  heat  become  latent. 

One  pint  of  boiling  water,  (212°  according  to  the  ther- 
mometer,) will  make  1800  pints  of  BteatOi  but  the  Bteam 
is  no  hotter  to  the  touch  than  boiling  water — both  ara 
212«  i  therefore,  when  water  is  converled  into  Bteam,  1000« 


ea ;  14(P,  i.  e.,  140  degrees,  &c. 
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of  hoflt  bfiwmo  latent.    Hence,  before  ieo  is  converted 
into  steam,  it  must  contain  1140"  of  latent  heat. 

Q.       Can  we  be  made  to  peel  the  heal  of  ice  ot 

A.  Yes.  Into  a  pint  of  snow  put  half 
as  much  salt;  then  piuog"e  your  hands 
into  the  hquid ;  and  it  will  feel  so  in- 
tensely cold,  that  the  snow  itself  will 
seem  waitn  in  comparison  to  it. 

Q.      Is  SALT  and  snow  rtaJiy  colder,  than 

A.  Yes,  many  degfrees  ;  and  by  dip- 
ping your  hand  into  the  mixture  first, 
and  into  snow  afierward,  the  snow  will 
seem  to  be  comparatively  warm. 


CHAPTER  IV. 

COMBnSTlOH. 

Q.       Whoiis-sm-E'i 

A.  Heat  and  lig'ht,  produced  by  the 
combustion  of  inflammable  substances. 

Q.      Hoin  is  hi;at  evolved  by  combustion? 

A.  By  chemical  action.  As  latent  heat 
is  liberated,  when  water  is  poured  upon 
time,  by  chemical  action  ;  so  latent  heat 
is  liberated  in  combustion,  by  chemical 
action  also. 
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Q.       iVhal    CHEMICAL  ACTION   takti  place  ui 

A.  The  ektnenis  of  the  fuel  combine 
with  the  oxygen  of  the  air, 

Q.       What  is  ■aieant  by  the  "  elements  of  fuel?'' 

A.  As  bread  is  a  compound  of  flour, 
yeast,  and  salt;  so  fuel  is  a  compound 
of  hydrogen  and  carbon. 

Q.       What  are  the  elements  ofa4mospheric  airT 

A.  Oxygen  and  nitrogen,  mi:red  toge- 
ther in  the  following  proportions ;  4 
gallons  of  nitrogen  and  one  of  oxygen 
will  make  5  gallons  of  common  air. 

Q.      What  is  carbon? 

A.  The  solid  part  of  fuel.  Carbon 
abounds  in  all  animal  bodies,  eardis,  and 
even  in  some  minerals. 

Q.      Mention  same  different  speeiet  of  carboh. 

A.  Common  charcoal,  tamp-blackj 
coke,  and  the  diamond. 

Q.  What  is  HYDROGEH  7 

A.  An  inflammable  gas.  The  gas 
used  in  our  streets  is  hydrogen  driven 
out  of  coals  by  heat. 


Q.       What  are  the  peculiar  characteristics  of 
hydrogen  gas? 

A.     1st — It  is  the  lightest  of  all  known 
substances : 


b.  Google 


COMBUSTION.  41 

Sdly — It  will  burn  immediately  it  ia 
ig-nited:  and 

3dly — A  lighted  candle  (immersed  in 
this  g-as)  will  be  instantly  extinguished.* 

Q,       What  is  oxygen  3 

A.  A  gas,  much  heavier  than  hydro- 
gen ;  it  gives  brilliancy  to  flame,  and  is 
essential  to  animal  life.f 

*  Hydrogen  ^as  may  ba  made  thus :— Put  some  pieces 
of  «inc  or  iron  tilings  into  a  glass;  pour  over  thorn  a  littie 
flulphuric  acid  (yitriol)'  dilnted  with  twice  the  quantity 
of  water ;  then  cover  ihe  glass  ovec  for  a  few  minuteB 
and  hydrogen  gas  will  be  given  off. 

If  a  Rame  he  put  info  the  glass,  an  explosion  will  bo 

If  the  experiment  be  tried  in  a  phial,  which  has  a  piece 
of  tobacco-pipe  run  through  the  cork,  and  a  light  held  a 
few  momenta  to  the  top  of  a  pipe,  a  pj.ame  will  be  made. 

If  a  balloon  be  held  over  the  phial,  (so  that  the  gas  can 
inflate  it,)  tlie  balloon  will  ascend  in  a  very  few  minutes. 

t  Oxygen  gas  is  much  more  troablesome  to  make  than 
hydrogen.  The  cheapest  plan  is  to  put  a  few  ounce  of 
manganese  (called  the  black  oxide  of  manganesej  into  an 
iron  Dottle,  furnished  with  a  bent  tube ;  $et  the  bottle  on 
a  Are  till  it  becomes  red  hot,  and  put  the  end  of  the  tube 
into  a  pan  of  water.  In  a  few  minutes,  bubbles  will  riaa 
through  the  wat«r;  these  bubbles  are  oxygen  gas. 

These  bubbles  may  be  collected  thus :— Till  a  comraon 
bottle  with  water ;  hold  it  inverted  over  the  Ijubliles  which 
rise  through  Hie  pan,  but  be  sure  the  month  of  the  bottia 
be  held  m  &e  lealer.  As  the  bubbles  rise  into  tbe  bottle 
the  water  will  run  out ;  and  when  all  the  water  has  run 
out,  the  bottle  is  fall  of  gas.  Corlc  the  bottle  while  the 
maath  remains  wnder  inater;  set  the  bottle  on  its  base; 
cover  the  cork  with  lard  or  wax,  and  the  gas  will  keep 
till  it  be  wanted, 

N.  B.  The  qid.kest  way  of  making  oxygen  gas,  is  to 
rub  together  in  a  mortar  half  an  ounce  of  oxide  of  copper 
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Q.  frSflf  is  KITROBEN  t 

A.  An  invisible  gas,  which  abounda 
in  animal  and  vegetable  substances.  The 
following  are  its  peculiar  characteristics : 

1.  It  will  not  burn ; 

2.  An  animal  cannot  live  in  it ; 

3.  It  is  the  principal  ingredient  in 
common  air.* 

Nearly  i  gallons  out  of  every  5  being  nitrogen  gaa. 


and  half  an  ounce  of  chlorate  of  potassa.  Put  the  mix- 
ture into  a  common  oil  fiasls,  fttrniahed  with  a  cork  wMch 
has  a  bant  lube  thrust  through  it.  Heat  the  bottom  of 
the  flaslt  over  a  candie  or  lamp;  and  when  the  mixture  is 
red  hot,  oxygen  gas  wii!  be  given  off.  Note — the  talje 
must  be  immei-sed  in  a  pan  of  water,  and  the  gas  collected 
as  before. 

(Chloride  of  pofassa  may  be  bought  at  any  chemist's ; 
and  oxide  of  copper  may  be  procured  by  heating  a  sheet 
of  copper  red  hot,  and  when  cool,  strilcing  it  with  a  Imm- 
mer;  the  scales  that  peel  off,  ure  oxide  of  copper,) 

ExF.  Put  a  piece  of  red  hot  charcoal  (Szed  to  a  bit  of 
wiro)  into  your  bottle  of  oxygen  gas ;  and  it  will  throw 
out  most  dazzling  sparlu  of  light. 

Blow  a  candle  out ;  and  while  the  wick  is  still  red,  hold 
the  candle  (by  a  piece  of  wire)  in  the  bottle  of  oxygen 
ga^ ;  the  wick  will  instantly  ignite,  and  bum  briliianUy. 

(Burning  sulphur  emits  a  dive  flame,  when  immersed 
in  oxygen  gas.) 

*  Nitrogen  gaa  may  easily  be  obtained  thus:^Put  a 
piece  of  burning  phosphorus  on  a  little  stand,  in  a  plata 
of  water;  and  cover  a  bell  glass  over  it.  {Be  sure  the 
edge  of  the  glass  stands  in  the  ■oialeT.'}  In  a  few  minutei 
the  oxygen  of  the  air  will  be  taken  up  by  the  burnii^ 
phosphorus!  "'Od  nitrogen  alone  will  be  left  in  the  bell 

(K.  B.  The  white  fume,  which  will  arise  and  beabsorbed 
by  the  waler  in  this  experiment,  ia  phosphoric  acid;  i.  e. 
phoaph  Drua  combined  with  oxygen  of  the  air.) 
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Q.       Why  IS  there  sn  much  ■nitrogen  in  Ike  air  ? 

A.  In  order  to  dilute  the  oxyg"en 
IC  the  oxygen  were  not  thus  diluted, 
fires  would  burn  out  too  quickly,  and 
life  would  be  too  rapidly  exhausted. 

Q.       What  three  dements  are  necessary  to  pre- 


A.  Hydrog-en  gas,  carbon,  and  oxygen 
gas :  The  two  former  in  ihefuel;  and  the 
last  in  the  air,  which  surrounds  the  fuel. 
Q.  What  causes  the  combustion  oflhefuel7 
A.  The  hydrogen  gas  of  the  fuel 
(being  set  free,  and  excited  by  a  match), 
unites  with  the  oxygen  of  the  air,  and 
makes  a  yellow  flame ;  this  flame  heats 
the  carbon  of  the  fad,  which  (also  uniting 
with  oxygen  of  the  air)  produces  car- 
bonic actd  gas. 

Q.  What  is  CAKBONIC  ACID  GAS? 

A.  Only  carbon  (or  charcoal)  com- 
bined with  oxygen  gas. 

Q.       Why  does  fire  produce  heat? 

A.  Because  it  liberates  latent  lieai 
from  the  air  and  fuel. 

Q.  W/iat  cHEMicAi,  CHANGES  in  air  and  fad 
are  produced  hy  combustion  ? 

A.  1st — SiJme  of  the  oxygen  of  the 
air,  combining  with  the  hydrogen  of  tha 
fuel,  condenses  into  water  :  and 
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2cily— Some  of  llie  oxygen  of  the  air 
combining'  witli  (he  carbon  of  the  fuel, 
forms  carbonic  add  gas. 

Q.  Wky  is  a,  fihe  {afier  it  has  been,  long 
burning)  hed  hot  ? 

A.  Because  the  whole  surface  of  the 
coals  is  so  thoroughly  heated,  that  every 
part  of  it  is  undergoing-  a  rapid  union 
willi  the  oxygen  of  the  air. 

Q.  In  a  BLAZING  fire,  nehy  is  the  urpEE  swr- 
face  of  the  CO  Ai.mii.AOK,  and  the  i.owi:n  surface  red! 

A.  Because  carbon  (being  solid)  re- 
quires a  great  degree  of  heat  to  make  it 
unite  with  the  oxygen  of  the  air.  In 
consequence  of  which,  the  hot  under 
surface  of  coals  is  frequently  red  from  its 
union  with  oxygen,  while  the  cold  upper 
surface  remains  black. 

Q.       Which  burns  the  more  quickly,  a  blaziso 

A.  Fuel  burns  quickest  Jn  a  blazing 
fire. 

Q,  Why    do    BLAZING     COALS    BURN    QUICKER 

Ihan  red  hot  ones  ? 

A.  Because  the  inflammable  gases  of 
the  fuel  (which  are  then  escaping)  great- 
ly assist  the  process  of  combustion. 

Q.  Why  do  the  coals  of  a  clear  bright  jiri 
htrn  out  more  slowly  than  blazing  coals  ? 

A.     Because  most  of  the  ivflaminaUe 
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gases,  and  much  of  the  solid  fuel,  have 
been  consumed  already;  so  that  there 
is  less  food  for  combustion. 

Q.       Wkaiis  st/iOK^'t 

A.  Unconsumcd  parts  of  fuel  (prm- 
cipally  carbon)  separated  from  ihe  solid 
mass,  and  carried  up  the  chimney  by 
currents  of  hot  air, 

Q.  V/ky  is  there  mohe  smoke  v:ften  coalb  an 
PB.ESH  added,  ilian  when  they  are  red  hoi  ? 

A.  Because  carbon  (being-  solid)  re- 
quires a  great  degree  of  heat  to  make  it 
unite  with  oxyg-en,  (or,  in  other  words,  to 
bring  it  into  a  stateof  perfect  combustion:) 
when  coals  are  fresh  laid  on,  more  carbon 
is  separated  than  can  be  reduced  to  com- 
bustion, and  the  surplus  flies  off  in  smoke. 

Q.       Why  is  there  so  little  smoke  with  a  red 

HOT  FIRE? 

A.  Because  the  entire  surface  of  the 
coals  is  in  a  state  of  combustion  ;  and,  as 
very  little  carbon  remains  unconsumed, 
there  is  but  little  smoke. 

Q.  Why  are  there  dark  and  bright  spots  in 
*  CLEAR  tinder  FIRE  ? 

A.  Because  the  intensity  of  the  com- 
bustion is  greater  in  some  -parts  of  the 
fire,  than  it  is  in  others. 

Q.       Why  is  the  irUensUj/  of  the  combustion  n 
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A.  Because  the  air  flies  to  the  fire  in 
various  and  unequal  currents. 

Q.       Why  do  we  see  all  sorts  of  cnoTiiSQUB 

FIGDRES  in  hot  COALS? 

A.  Because  \.he  intensUy  of  combus- 
tion is  unequal,  (owing  to  the  gusty 
manner  in  which  the  air  flies  to  the  fuel :) 
and  the  various  shades  of  red,  yellow, 
and  white  heat  (mingliog  with  the  black 
of  the  unburnt  coal),  produce  strange 
and  fanciful  resemblances. 

Q.  Why  does  papbh,  burn  more  readily  than 
wood! 

A.  Because  it  is  of  a  more  fragile 
texture;  and,  thereforej  its  component 
parts  are  more  easily  heated. 

Q.       Why  does  wood  boen  more  readily  than 

A.  Because  it  is  not  so  solid;  and, 
therefore,  its  elemental  parts  are  more 
easily  separated,  and  made  hot. 

Q.  Wheji  a  FIRE  is  lighted,  hy  is  paper 
laid  at  the  bottom,  against  the  grate  ? 

A.  Because  paper  (in  consequence 
of  its  fragile  texture)  veiy  readily  catches 
fire, 

Q.       Why  is  wooJilaid  on  the  top  of  the  paper  ? 

A.     Because  wood  (being  more  s«6- 

^rUial)  bums  longer  than  paper ;  and, 
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therefore,    aflbrds    a   longer   contact  of 
Jlame  to  heat  the  coals. 

Q.       Why  wojdd  not  paper  do  without  v>3odT 
A,     Because  paper  burns  out  so  rap- 
idly, that  it  would  not  afford  sufficient 
contact  ofjiame  to  heat  the  coals  to  com' 
bustion. 

Why  teill  nol  wood  do  withottt  shavingi, 


straw,  or  paper? 

A.  Because  wood  is  too  substantial 
to  be  heated  into  combustion  by  the  fee- 
ble flame  issuing  from  a  match. 

Q.  Wkt/  would  not  ike  paper  do  as  well,  if 
placed  on  the  top  ofiks  coals  ? 

A.  Because  every  blaze  tends  up- 
ward; if,  therefore,  the  paper  were 
placed  on  the  top  of  the  coals  its  blaze 
would  afford  no  contact  of  jlame  to  the 
fuel  lying-  below. 

Q.       Why  shoJild  COAL  be  placed  above  tlie  inood? 

A.  Because  otherwise,  the  Jlame  of 
the  fuel  would  not  rise  through  the  coal, 
to  heat  it. 

Q.  Why  is  a  fike  kindled  at  the  lowest 
BAB.  of  a  grate? 

A.  That  the  flame  may  ascend 
through  the  fuel,  to  heat  it.  If  the  fire 
were  kindled  from  the  top,  the  flame 
would  iwt  come  in  contact  with  the  fue 
placed  below. 
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Q.       Why  does  coa,  maJce  sack 

A.  Because  it  contains  a  large 
amount  of  carbon  and  hydrogen  gas,  in  a 
very  compact  and  convenient  form, 

Q.  Wky  will  ciNDEKS  become  red  hot  more 
quickly  than  coals  ? 

A.  Because  they  are  sooner  reduced 
to  a  state  of  combustion,  as  they  are 
more  porous  and  less  solid. 

Q,       Why  will  not  iron  cinders  burn  f 

A,  Because  they  coniain  impurUies, 
which  are  not  so  ready  to  combine  with 
oxyg'en,  as  carbon  and  hydrogen  are. 

Q.      Why  are  cinders  lighter  than  coals  ? 

A.  Because  they  are  full  of  little 
holes ;  from  which  vapor,  gases,  and 
other  volatile  parts,  have  been  driven 
oif  by  previous  combustion. 

Q.       Why  will  not  stones  do  for  fuel  as  well  at 

COALS  T 

A.  Because  they  contain  no  hydrogen, 
and  little  or  no  carbon. 

Q.       Why  will  not  wet  kindling  lighi  afire  { 

A.  1st — Because  the  moisture  of  the 
wet  kindling  prevents  the  oxygen  of  the 
air  from  getting  to  the  fuel ;  and 

2dly — The  heat  of  the  fire  is  perpetu- 
ally drawn  off,  by  the  conversion  of  water 
into  steam. 
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Q.       Why  does  dry  wood  burn  better  than 

GKEEN  T 

A.  1st — Because  none  of  its  heat  is 
carried  away  by  the  conversion  oCwaier 
into  steam ;  and 

2dly — The  pores  of  dry  wood  (being 
JUled  vnth  air)  supply  the  fire  with 
oxygen, 

Q.  Why  do  TWO  pieces  of  wood  burn  better 
than  oneI 

A.  1st — Because  they  help  to  entan- 
gle the  heat  of  the  passing  smoke,  and 
throw  ii  on  tJiefuel;  and 

2d!y — The  air,  impinging  against  the 
pieces  of  wood,  is  thrown  upon  the  fire 
in  a  kind  of  eddy  or  draught. 

Q.  Why  does  salt  crackle,  when  thrown 
vUo  a  FIRE  ? 

A.  Salt  contains  water;  and  the 
crackling  of  the  salt  is  owing  to  the  sud- 
den conversion  of  this  waier  into  steam. 

Q.  Why  will  not  -wood  or  paper  bum  ifsteepea 
in  a  solution  of  potash,  phosphate  of  lime,  or  am- 
monia {ha/rtshorn)  ? 

A.  Because  any  "al'kali"  (such  as 
potash)  will  arrest  the  hydrogen  which 
escapes  from  the  fuel,  and  prevent  its 
combination  with  the  oxygen  of  air. 

Q.       Whit  M  an  alkali  t 

A.    The   con' verse  of  an  add :    as 
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bittfir  is  tlie  con  verse  of  sweet,  or  i 
tile  conVerse  of  pungent. 

Q.  Why  does  a  jet  of  tlamg  ^ometimns  burn 
into  the  room  through  thg  BARa  of  a  stove  % 

A.  Because  the  iron  bars  conduct 
heat  to  the  interior  of  some  lump  of  coal ; 
and  its  volatile  g"as  (bursting  through 
the  weakest  part)  is  kindled  by  the 
glowing  coals  over  which  it  passes. 

Q.  Why  is  this  JET  sometimes  of  a  geeenish 
YELLOW  color  ? 

A.  Either  because  some  lump  of  coal 
lies  over  the  hot  bars  ;  or  else  the  coals 
below  it  are  not  red  hot:  in  consequence 
of  which,  some  of  the  gas  escapes  unbumt, 
and  is  of  a  greenish  color. 

Q.        Why  does  the  gas  escape  t;nbiikc(t  ? 

A.  Because  neither  the  bars,  nor 
cook  over  which  it  passes,  are  red  hot. 

Q.  JVhy  does  a  bluish  flame  sometimes  Jlidier 
OH  the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coals 
at  the  bottom  of  the  grate,  mixing  with 
the  carbon  of  the  ccals  above,  produces  an 
inflammable  gas  (called  carbonic  oxide), 
which  burns  with  a  blue  flame, 

Q.       Why  is  the  flame  of  a  good  fire  yellow? 

A.  Because  both  the  hydrogen  and 
carbon  of  the  fuel  are  in  a  state  oiperj  'id 
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combustion.    It  is  the  white  heat  of  the 
carbon,  which  gives  the  pale  yellow  tingle 
to  the  flaming"  hydrogen. 
Q.       Whai  is  LIGHT  i 

A.  Rapid  imdidatlojis  of  a  fluid  called 
ether,  striking  on  the  eye. 

Q.  How  does  COMBUSTION  mah^  these  undula- 
tions o/"licht? 

A.  The  atoms  of  matter  (set  in  mo- 
tion by  heat)  sinking  against  this  ether, 
produce  undulations  in  it ;  as  a  stone 
thrown  into  a  stream,  produces  undula- 
tions in  the  water. 

Q.      Sow  can  dnbtjlatiobs   of  ether  produce 

LIGHT? 

A,  As  sound  is  produced  by  undula- 
tions of  air  striking  on  the  ear;  so  %A/ 
is  produced  by  undulations  of  etiier  strik- 
ing' on  the  eye. 

Q.       What  is  ETHER  1 

A.  A  very  subtle  fl,uid,  which  per- 
vades and  surrounds  everything  we  see. 

N.  B.  This  theory  of  MC.nTisnotaltogethevsatiafacforyj 
but  has  been  retaiacd,  aa  the  most  plausible  hitherto  pro- 
jecteii. 

Q.      Does  HEAT  always  produce  licht? 
A.     No ;  the  heat  of  a  stack  of  hay, 
or  reeking  dunghill,  though  very  gi-ejt, 
is  not  sufficient  to  produce  light. 

Why  is  a  yellow  plamb  brighter  than  a 
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A.  Because  yellow  rays  produce  the 
greatest  amount  of  light,  though  red  rays 
produce  the  greatest  amount  of  heat. 

Q.  Why  is  the  light  of  a  fire  more  intensb 
fomelimes  than  it  is  at  others? 

A.  The  intensity  of  fire-hght  depends 
upon  the  whiteness  to  which  the  carbon 
is  reduced  by  combustion.  If  carbon 
be  zohite  hot,  its  combustion  is  perfect, 
and  the  light  intense ;  if  notj  the  light  is 
obscured  by  smoke. 

Q.  Why  'will  not  ciNDERa  blaze,  as  well  as 
FRESH  eoah? 

A.  The  Jlame  of  coals  is  made  chiefly 
by  hydrogen  gas.  As  soon  as  this  gas 
has  been  consumed,  the  hot  cinders  pro- 
duce only  a  gas,  called  carbonic  acid, 
which  is  neither  luminous  nor  visible. 

Q,       Where  does  the  hydrogen  gas  of  afire  come 

A.  All  fuel  is  composed  of  carbon  and 
hydrogen  gas,  which  are  separated  from 
each  other  by  the  process  of  combustion. 
(See  p.  40.) 

Q.  Why  does  not  a  fire  blaze  on  a  frohtT 
NIGHT,  so  long  as  it  does  upon  another  night  ? 

A.  1st — Because  air  condensed  by 
the  cold  contains  more  oxygen  than  tha 
same  quantity  of  warmer  air ;  and 
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2dly — Air  condensed  by  the  cold  is 
heavier.  In  consequence  of  wliich.  it 
falls  more  quickly  on  the  fire,  to  supply 
the  place  of  the  hot  ascending-  air. 

Q.  'H'Tty  does  a  fire  bum  clearest  on  a 
FKOSTT  nighl  ? 

A.  Because  the  volatile  gases  are 
more  quickly  consumed ;  and  the  solid 
carbon  is  ptenii/uUy  supplied  icjih  oxygen 
from  the  air,  to  make  it  burn  brightly 
and  intensely. 

Q.       Wky  does  a  fike  burn  more  intensely  in 

WINTER  than  ill  SUMMER  ? 

A.  Because  the  air  is  colder  in  winter, 
than  it  is  in  summer, 

Q.  Why  does  the  coldbess  of  the  air  increase 
ihenz/^T  of  afire? 

A.  ist — Because  air  condensed  by 
the  cold,  supplies  more  oxygen  than  a 
similar  volume  of  warmer  air  ;  and 

2dly — Condensed  air,  being  lieavy, 
falls  more  rapidly  into  the  place  of  the 
hot  ascending  air,  to  supply  the  fire  with 
nourishment. 

Q.  Viliy  does  the  sun,  shining  on  a  fire  makt 
it  DULL  ;  aTtd  often  put  it  out  ? 

A.  1st — Because  the  air  (being  rare- 
fied by  the  sunshine)  Jloios  more  sloivly 
to  tli&  fire  ;  and 
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Sdly — Even  that  which  readies  the 
fire,  affords  less  ■riowishmeni. 


Q.  Why  does  tlte  airflow  to  the  fire  more  tah- 
DiLy/or  being  karefied! 

A.  Because  the  greater  the  contrast 
(between  the  external  air  and  that  lohich 
has  been  Iieated  by  tliefire),  the  more  rapid 
will  be  the  current  of  air  toward  that  fire. 

Q.  Wliy  does  rarefied  air  afford  less  kouhish- 
MENT  io  fire  Ihan  cold  air  ? 

A.  Because  rarefied  air  contains  less 
oxygen  than  the  same  quantity  of  con- 
densed air. 

Inasmuch  as  the  same  quantity  of  oxygen  is  dilfused 
over  a  larger  Tolume  of  air. 

Q,  Ti'TiT/  does  a  fiue  bum  more  fiercely  in  the 
OPEN  aikI 

A.  1st — Because  the  air  out-of-doors 
is  more  dense  than  the  air  in-doors ;  and 

2dly — It  has  fi'eer  access  to  the  fire. 

Q.  Why  is  the  air  ovt-of-doors  wore  densb 
than  that  in-doors  ? 

A.  Because  it  has  freer  circulation; 
and,  as  soon  as  any  portion  has  been 
rarefied,  it  instantly  escapes,  and  is  sup- 
phed  by  colder  cuiTcnts. 

Q,  Why  does  not  a  fire  burn  so  freely  in  a 
IHAW  as  in  a  feostI 
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A.  Because  the  air  is  laden  with 
vapor  ;  in  consequence  of  which,  jt  both 
moves  too  slowly,  and  is  too  much  rarefied 
to  nourish  the  Are. 

Q.  Wliy  does  a  fire  bu/rn  so  fiercely  in  windy 
vseatker  ? 

A.  Because  tiie  air  is  so  rapidly 
changed,  and  affords  plentiful  nourish- 
ment to  the  fire. 

Q.       Wh-y  does  a  pair  of  BELL0V!3  get  afirev^? 

A.  Because  it  drives  the  air  moi-e  rap- 
idly to  the  fire ;  and  the  plentiful  supply 
of  oxygen  soon  makes  the  fire  burn  in- 
tensely. 

Q.  Why  is  the  flame  of  a  candle  extinguishec 
when,  blown  by  the  breath;  and  not  made  more  in- 
tense nice  afire? 

A.  Because  the  flame  of  a  candle  is 
confined  to  a  very  snudl  wick,  from  which 
it  is  severed  by  the  breath ;  and  (being- 
unsupported)  must  go  out. 

Q.  Why  is  a  RMonLDERiNG  wick  sometimes 
KE-KINDLED  by  blowing  it? 

A.  Because  air  is  carried  to  it  by  the 
breath  with  great  rapidity  ;  and  the  oxy- 
gen of  the  air  kindles  the  red  hot  idck, 
as  it  would  kindle  charred  wood. 

Q.  Why  is  not  the  red  hot  wick  kindled  by  the 
D  it,  mthont  B 


A.    Because  oxygen  is  not  supplied 
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with  sufflcioni,  freedom,  unless  air  be 
Uoiim  to  tlie  wick. 

Q.       W/ien  is  this  experiment  most  likdy  to  sue- 

A.  In  frosty  weather ;  because  the 
air  contains  more  oxygen  when  it  is 
coTukmcd  by  the  cold. 

Q.  Why  doss  a  FOKEK.  laid  across  a,  duU 
FIRE  reviu  it  ? 

A.  For  two  reasons;  1st— Because 
the  polcer  concentrates  the  heat,  and 
therefore  increases  it ;  and 

2dly— Air  is  arrested  in  the  narrow 
aperture  between  the  poller  and  the 
coals,  and  a  draught  created. 

See  p.  49. 
Q.       W/iT/  are  sroVEsJixed  on  Ihe  floor  of  a 

A.  Ill  order  that  the  air  on  the  lower 
fart  of  the  room  may  be  healed  by  the 
fire. 

Q.  WoiM  jiol  the  air  of  the  lower  pari  (fa 
TooBi  be  Iienled  equally  welt,  y  the  stoves  were  fixed 
higher  up  1 

A,  No ;  the  heat  of  a  fire  has  a  very 
httle  effect  upon  the  air  hdow  tlie  level  of 
the  grate;  and,  therefore,  every  grate 
ehculd  be  as  near  to  the  floor  as  possible. 

Q.  Out  feet  are  very  freriucntly  cold  when 
ice  sit  dose  by  a  good  fire.  Explain  ihe  reason  cf 
iHs. 
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A.  As  the  fire  consutxies  the  air 
which  passes  over  it,  cold  air  rushes 
through  the  crevices  of  the  doors  and 
windows  along  t/ie  bottom  of  the  room 
to  supply  the  deficiency ;  and  these  cur- 
rents of  cold  air,  rushing  constaiUly  over 
ourjeel,  deprive  them  of  their  warmth. 

Q.  If  a  piece  of  PAPER  be  laid  flat  on  a  cUar 
fire,  it  will  not  blaze  bat  char.      Why  so? 

A.  Because  the  carbon  of  a  clear  fire, 
being:  sufficiently  hot  to  unite  with  the 
oxygfen  of  the  air,  produces  carbonic  add 

fas,  which  soon  envelops  the  paper  laid 
at  upon  the  cinders :  but  carbonic  acid 
gas  will  not  blaze. 

Q.  ^  you.  BLOW  the  paper,  it  will  blaze  im- 
mediately.      lAOiy  so  ? 

A.  Because  by  blowings  or  opening  a 
door  suddenly,  the  carbonic  acid  is  rfissi- 
pated,  and  the  paper  fanned  into  flame. 

Q.       Why  does  water  extinguish  a  fire? 

A.  1st — Because  the  water  forms  a 
coating  over  the  fuel,  which  keeps  it  from 
the  air;  and 

2d!y — The  conversion  of  water  into 
steanij  draws  off  the  heai  of  the  burning 
fuel. 

Q,  A  LITTLE  WATER  makes  a  fire  riEacER, 
while  a  LAitrsER  quantity  of  water  pals  it  otJT. 
Explain  how  this  is. 

3* 
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A.  Water  is  composed  of  oxyqan  and 
hydrogen ;  when,  therefore,  the  fire  can 
decompose  the  water  into  its  simple  ele- 
ments, it  serves  {ovfuel  to  the  flame. 

Q.      IIow  can  water  serve  for  fuel  iojire'i 

A.  Because  the /tj/(/ro°'eHo(' the  water 
burns  with  ajlame;  and  the  oxygenoHbe 
water  increases  the  irUensitxj  of  that 
flame. 

Q.  When  a  house  is  on  fire,  is  too  little  waifr 
teirrse  than  nome  ? 

A..  Certainly.  Unless  water  be  sup- 
plied so  plentifully  as  to  quench  the  fire, 
it  will  increase  its  intensity,  like  fuel. 

Q.       When  will  water  extinouish  fire  ? 

A.  When  the  supply  is  so  rapid  and 
abundant  that  the  fire  cannot  decompose 
it. 

Q.  Does  not  a  very  little  water  slacken  tkt 
heat  of  fire  ? 

A.  Yes,  till  it  is  decomposed ;  it  then 
increases  the  intensity  of  fire,  and  acts 
like  fuel. 

Q.  Why  does  the  wick  <f  a  candle  {when  tht 
Jiamg  has  been  hlovni  out)  very  readily  catch  fike? 

A.  Because  the  wick  is  already  hot, 
and  a  very  little  arfm  heal  will  throw  it 
into  flame. 

Q,       Why  does  the  extra  heat  revive  iheflami^ 
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A,  Because  it  again  liberates  the 
hydrogen  of  tlie  tallow,  and  ignites  it. 

Q.  Canr.ol  wood  be  made  to  blaze  wUkoai 
Actual  contact  with  fire  ? 

A.  Yes;  if  a  piece  of  wood  be  held 
near  the  fii-e  for  a  little  time,  it  will  blaze, 
even  thougli  it  does  not  touch  the  fire. 

Q.  ^Vhy  wiU  WOOD  blaze,  even  if  it  does  not 
touch  the  fire  ? 

A.  Because  the  heat  of  the  Are 
drives  out  the  hydrogen  gas  of  the  wood ; 
which  gas  is  inflamed  by  contact  with 
the  red  hot  coals. 


Q.  Why  will  a  MEioHBOR'a  iioose  sometiines 
CATCH  FIRE,  though  no  jlame  of  the  burning  house 
•ver  touches  it .' 

A.  Because  the  heat  of  the  burning 
house  sets  at  liberty  the  hydrogen  gas  of 
the  neighboring  wood-work ;  and  this 
gas  is  ignited  by  the  flames  or  red  hot 
bricks  of  tlie  house  or  fire. 

Q.         What  is  COKE  ? 

A.  Coal  freed  from  its  volatile  gases 
by  the  action  of  artificial  heat. 

Q.  Why  do  STOVES  sometimes  smell  very 
ttrongly  if  sulphur? 

A.  Because  coal  and  coke  contain 
sulphur;  and  whenever  the  draught  is 
not  rapid  enough  to  drive  the  sulphur  up 
the  Jlue,  it  is  emitted  iato  the  room. 
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Q.       What  is  meant  by  spontakeous  coUBint 

TION? 

A.  Combustion  produced  without  the 
application  oCJIame. 

Q.       Giee  an  example  of  spontaneous  comlmtivm. 

A.  Coals  Stowed  in  the  hold  of  a 
vessel,  and  gfoods  packed  in  a  warehouse, 
will  often  catch  fire  of  themselves — espe- 
cially such  g"oods  as  cotton,  flax,  hemp, 
rags,  &c. 

Q.  Wfty  da  such  GOODS  sometiims  catch  fike 
ofl/ieniselves? 

A.  Because  they  are  piled  together 
in  very  large  Tuasses  in  a  damp  state  or 
place. 

Q.  Why  does  this  produce  spontaneous  combus- 
tion ? 

A.  The  damp  produces  decay,  or  the 
decomposition  of  the  goods ;  and  the 
great  heat  of  the  piled-up  mass  makes 
tiie  decaying  goods  fennent. 

Q.  How  does  this  fermentation  produce  com- 
bustion ? 

A.  During  fermentation,  carbonic  add 
gas  is  given  off  by  the  goods — a  slow 
combustion  ensues — till  at  length  the 
tohole  pile  bursts  into  j?ome. 

Q.  WTiy  is  the  heat  of  a  large  mass  ofg-fodi 
6REATER  than  that  of  a  smaller  quantity  J* 

A.     Because  the  carbonic  acid  cannol 
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escape  thi-ough  the  massive  pile;  ana 
the  products  of  decomposition  being  c&^^ 
Jined,  hasten  further  chang-es. 

Q.  fVkt/  do  HAY-STACKS  sometimes  catoh  pirb 
tf  thcmselvei  ? 

A.  Either  because  tlie  hay  was  got 
up  damp  ;  or  else  because  rain  has  pen- 
etrated the  stack. 

Q.  Why  will  a  hay-stack  tatch  fire  if  the 
hay  be  damp  ? 

A.  Because  damp  hay  soon  decays, 
and  undergoes  a  state  of  fermentation  ; 
during  which,  carbonic  acid  gas  is  given 
off,  and  the  stack  catches_^re. 

Q.  Roasted  coffee  sometimes  catches  fire 
spontaneously.     Explain  the  reason  of  this. 

A.  The  heat  of  coffee  is  greatly  in- 
creased by  being  roasted ;  and  the  car' 
bon  of  the  coffee,  uniting  with  the  oxygen 
of  the  air,  produces  carbonic  acid  gas,  and 
bursts  into^ame. 

Q.  Why  do  old  rags,  used  for  cleaniko 
LAMPS  and  CANDLESTICKS,  sometimes  set  a  house  on 
Jire! 

A,  Because  they  very  readily  fer- 
mentj  and  (during  fermentation)  throw 
off  exceedingly  inflammable  gases. 
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Q.       ~Wh.y  does  smoke  asce\d  Ike  chimney  ? 

A.  Because  the  air  of  the  room  (when 
it  passes  over  the  fire)  becomes  lighter 
for  being"  heated  ;  and  (being-  thus  made 
lighter)  ascends  the  chimney,  carrying 
the  smoke  with  it. 

Q.      What  is  smoke! 

A.  Small  particles  of  carbon,  separat- 
ed by  combustion  from  the  fuel,  but  not 
consumed. 

Q.  Why  do  smoke  and  steam  ccrl  as  they 
ascend? 

A.  Because  they  are  pushed  round 
and  round  by  the  ascending  and  de- 
scending currents  of  air, 

Q.  Wky  does  a,  close  stove  draw  wp  more 
fiercely  than  an  open  grate  T 

A.  Because  the  air  which  supplies 
the  stove  must  pass  through  the  fire , 
and,  as  it  becomes  exceedingly  heated, 
rushes  up  the  flue  with  great  violence. 

Q.  What  "producei  the  jloarinq  noise  made  by 
the  fire  in  a  close  stove  ? 

A,  Air  rushing  rnpidly  through  the 
crevices  of  the  irrm  door,  and  up  the 
chimney  fine. 
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Q,  ti'Ti'j  IS  Ike  ROAK  LESS  if  the  stove  door  it 
thrown  ^pen! 

A.  Because  fresh  air  gets  access  to 
the  Are  more  easily ;  and,  as  the  air  is 
not  so  intensely  heated,  its  motion  is  not 


Q.      Why  do  K 

A.  Because  fresh  air  is  not  admitted 
into  a  room  so  fast  as  it  is  consumed  by 
tliefire  ;  in  consequence  of  which,  a  cur- 
rent of  air  rushes  down  the  cfiimney  to 
supply  the  deficiency,  driving;  the  smoke 
along;  with  it. 


Q.      Explain  this  by  a 

A.  If  water  be  taken  with  a  pail  out 
of  a  river,  other  water  will  rush  toward 
the  hole  as  soon  as  the  pail  is  lifted  out ; 
and,  if  air  be  taken  from  a  raom  (as  it 
is,  when  sonie  of  it  g-oes  up  the  chimney), 
other  air  will  rush  toward  the  void  to 
fill  it  up. 

Q.  What  prevents  air  being  supplied  so  fast  as 
it  is  consumed  by  the  fire? 

A.  Leather  and  curtains  round  the 
doors:  sand-bags  at  the  threshold  and 
on  the  window-frames;  and  other  con- 
tiivances  to  keep  out  the  draught. 

Q        n'Tiy  uill  the  air  come  down  the  chimney? 

A.     Because  it  can  get  into  the  room 
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n  no  olher  way,  if  the  doors  and  wiii- 
dows  are  all  made  air-tight. 

Q.       Wkal  is  the  best  remedy  in  STick  a  Mse? 

A.  The  speediest  remedy  is  to  open 
the  door  or  window ;  but  by  far  the  best 
remedy  is  to  carry  a  small  tube  from  the 
hearth  into  the  external  air. 

Q.       W7iy  is  that  the.  best  remedy  ? 

A.  Because  the  fire  will  be  plenti- 
fully supplied  with  air  by  the  tube;  the 
doors  and  windows  may  all  remain  air- 
tight; and  we  may  enjoy  a  warm  fire- 
side, without  the  inconvenience  of 
draughts  and  cold  feet. 

Q.  Why  is  a  CHIMNEY  raised  so  high  above 
the  EooF? 

A.  That  it  may  not  smoke ;  as  all 
funnels  do  which  are  too  short. 

Q.  What  is  meatU  by  the  funnel  or  flue  tf 
a  chimney  ? 

A.  That  part  of  a  chimney  through 
which  the  smoke  passes. 

Q.  Why  does  &  chimney  smoke,  if  the  funnd 
be  very  short  ? 

A.  Because  the  draught  of  a  short 
flue  is  too  slack  to  carry  the  smoke  up 
the  chimney. 

Q.  Why  is  the  draught  of  a  shoet  plce 
more  slack  ihtin  thai  of  a,  long  one? 

I  ■  ..Coogic 


SMOKE.  6S 

A.  1st— Because  the  fire,  is  aiicays 
dull  and  sluggish,  if  the  chimney  be  too 
stiort : 

2dly — Because  the  smoke  rolls  out  of 
the  chimney,  before  it  has  acquired  ita 
full  velocity;  and 

3dly — Because  the  wind,  rain,  and  air, 
have  more  influence  over  a  short  funnel, 
than  over  a  long  one. 

Q.       IVky  is  the  FiRE  always  dull  and  slug 

A.  Because  the  draug-ht  is  bad ;  and, 
as  the  rarefied  air  passes  very  tardily  up 
tha  chimney— fresh  air  flows  as  tardily 
toward  the  Jive,  to  supply  it  with  oxygen. 

Q.       0-n.  Tohat  does  ike  intensitv  of  fire  ^end? 

A.  The  intensity  of  fire  is  always  in 
proportion  to  the  quantity  of  oxygen  with 
which  it  is  supphed. 

Q,  Why  does  nol  smoke  acquire  its  fall  VELO- 
CITY in  a  SHORT  funnel? 

A.  Because  the  higher  smoke  as- 
cends, (provided  the  flue  be  clear  and 
hot.)  the  faster  it  g-oes :  if,  therefore,  a 
funnel  be  very  short,  the  smoke  never 
acquires  its  full  velocity. 

Q.  Does  the  draught  of  a  chimney  depend  oh 
the  SPEED  of  the  SMOKE  through  the  fine  ? 

A.  Yes.  The  more  quickly  hot  air 
flies  up  the  chimney,  the  more  quickly 
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cold  air  wil!  rush  toward  tliefire  lo  supply 
the  place;  and,  therefore,  the  longer  the 
Jlue,  the  greater  the  draught. 

Q.  Why  are  the  chimnevs  of  manufactories 
foods  so  very  long? 

A.  To  increase  the  intensity  of  the 
fire. 

Q.       WJit/  is  the  INTENSITY  of  afire  increased  by 

LENGTHENING  the  FLUB  ? 

A.  Because  the  draught  being-  great- 
er, more  fuel  is  consumed  in  the  same 
time  ;  and,  of  course,  the  intensity  of  the 
heat  is  proportionally  g"reater. 

Q.  if  ffi  SHORT  CHIMNEY  canuot  be  lengthened, 
what  is  the  best  hemedy  to prevetit  smoking? 

A.  To  contract  the  opening  of  the 
chimney  contiguous  to  the  stove. 

Q.  Why  wili  a  smaller  opening  against  the 
stove  riiBVENT  the  chimney's  smoking  ! 

A.  Because  the  air  will  be  compelled 
to  pass  nearer  the  fire;  and  (being  more 
heated)  will  rise  through  the  chimney 
more  rapidly.  This  increase  of  heat  will 
therefore  compensate  for  the  shortness 
of  \}nQ,Jiue. 

Q,  Why  villi  a  room  smoke  if  there  be  two 
PIRES  tn  it  ? 

A.  Because  the  fiercer  fire  will  ex- 
haust the  most  air,  and  draw  from  the 
smaller  one,  to  supply  its  demand. 
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Q.  Why  will  a  ekimneti  smoke  if  tJure  be  a 
tiB-E  in  TWO  ROOMS  communicating  iBith  each  other! 

A.  Because  (whenever  the  door  be- 
tween the  two  rooms  is  opened)  air  will 
rush  from  the  cliimney  of  the  inferior 
fire  to  supply  the  other ;  and  both  rooms 
will  be  filled  widi  smoke. 


Q.       Whal  is  Ike  hesl  R 

A.  Let  a  tube  be  carried  from  the 
hearth  of  each  stove  into  the  external 
air ;  and  then  each  fire  will  be  so  well 
supplied,  that  neither  will  need  to  bor- 
row from  the  other. 

Q.  Why  does  a  house  in  a.  valley  or  by  the 
side  of  higher  buildings  very  often  smoke  ? 

A.  Because  the  wind  (striking 
against  the  surrounding-  hills  or  buildings) 
bounds  back  again  upon  the  chimney,  and 
destrays  its  draug^ht. 

Q.       What  is  the  remedy  in  these  cases  ! 

A,  To  fix  a  cowl  on  the  chimney-tofy, 
to  turn  like  a  weather-cock,  and  present 
its  back  to  the  wind. 

Q.  Why  will  not  a  cowl  always  prevent  a 
chimney  smoking? 

A.  Because  if  the  wind  be  strong,  it 
will  keep  the  opening  of  the  cowl  toward 
lliG  higher  building  or  hill ;  and  then  the 
reflected  wind  will  blow  into  the  cowl, 
and  dawn  the  chimney. 
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Q.  As  a  cowl  is  mch  a  poor  reiaed.y^  can  anp 
OTHER  it  suggested  ? 

A.  Yes.  If  the  chimney-fllie  can  be 
carried  higher  than  the  other  buildinga 
or  hills,  no  wind  can  enter  the  flue. 

Q.  Jf  a  chiTAney-jlue  be  carried  vp  higher  than 
the  buildings  or  hill,  why  cannot  the  frirtd  enter  it  ? 

A.  Because  the  reflected  wind  would 
strike  against  the  sides  of  the  chimney- 
flue,  and  not  pass  over  the  opening  at  all. 

Q.         Inwhal  OTHER  cases  lC)/i  a  CHTMWEY  SMOKE  f 

A.  If  the  door  and  stove  are  both 
placed  on  the  same  side  of  a  room,  the 
chimney  will  often  smoke. 

Q.  Why  win  a.  chimney  smoke,  if  the  door 
and  STOVE  are  both  on,  the  same  side  t 

A.  Because  (whenever  the  door  is 
opened)  a  current  of  air  will  blow  ob- 
liquely into  the  chimncy-jjlace,  and  drive 
the  smoke  into  the  room. 

Q,       What  remedy  can  be  apjilied  to  this  evil! 

A.  The  door  must  be  set  opposite  to 
the  chimney-place,  or  nearly  so;  and 
then  the  draught  from  the  door  imll  blow 
tJie  smoke  up  the  chimney,  and  not  into 
iie  room. 

Q.       Why  will  a  chimhey  smoke  if  it  needs 

BWEEPINQ  1 

A.     Because  loose  soot  obstructs  the 


free   passage  of  the  smoke,  delays  its 
current,  and  prevents  the  draug'ht. 

Q,       Why  will  a  chimney  smoke  if  it  be  onr 


A.  1st— Because  the  loose  mortar  and 
hicks  obstruct  the  smoke  ;  and 

2dly — Chid  air  (oozing  through  the 
chinks)  cliUls  the  air  in  the  cldmney,  and 
prevents  its  ascent. 

Q.  Why  wilt  a  stove  smoke,  if  ike  joints  of 
tie  flue  do  not  fit  air-tight  ? 

A.  Because  cold  air  (oozing  through 
the  joints)  chills  the  air  m  the  fiue,  and 
prevents  its  ascent. 

Q.  Why  does  an  old-fashioned  farm  chimney- 
place  generally  smoke  ? 

A.  Because  the  opening  is  so  very 
large,  that  much  of  the  air  which  goes 
up  the  chimney,  has  never  passed  near 
the  fire  ;  and  this  cold  air  (mixing  with 
the  hot)  so  reduces  its  temperature  that  it 
ascends  very  slowly,  and  the  draught  is 
destroyed. 

Q.       WTlv  does  a  chimney  smoke  if  Ike  DRAUaHi 

be  Sl.KQt^  1 

A.  Because  the  current  of  air  up  the 
chimney  is  not  powerful  enough  to  buoy 
up  the.  smoke  through  the  flue. 

Q.  if(h  opening  of  a  chimney  be  too  laro^ 
what  REMEijy  ca.n  be  applied? 
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A.  The  chimney-place  must  be  con- 
tracled. 

Q,       Why  will  coNTRACTiKG  the  chimney-plact 

rHEVENT  its  SMOKING  ? 

A.  Because  the  air  will  then  pass 
nearer  tfie  fire ;  and  (beings  more  heated) 
By  faster  up  the  chimney. 

Q.  Why  do  almost  all  chimneys  bmoke  in 
GUSTY  icealker? 

A.  Because  the  column  of  smoke  is 
suddenly  chilled  by  the  wind,  and  (be- 
ing unable  to  ascend)  rushes  back  mlo 
(.be  room. 

Q.       What  is  the.  wie  of  a  chimsey-pot? 

A.    It  serves  to  increase  the  draug'ht, 

when  the  opening  of  a  chimney  is  too 


Y-poT  increase  thi 
DRAUGHT  of  a  chimney  ? 

A.  As  the  same  quantity  of  hot  air 
has  to  escape  through  a  smaller  opening, 
it  must  pass  through  more  quickly. 

Q.       Why  do  BLOWERS  help  to  get  afire  up  T 

A.  Because  they  compel  the  air  to 
so  through  the  fire,  and  not  over  it ; 
in  consequence  (A  which,  the  fire  is  well 
supplied  with  oxygen,  and  the  draught 
greatly  increased. 

Q.       ^Vhy    does     a    blowek     incrsase    tht 

pit  AUGHT  ? 
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A.  Because  tlie  air  (by  passing 
through  the  fire)  is  made  much  hotter, 
and  ascends  the  chimney  more  rapidly. 

Q.  Why  is  a  fire  belter  supplied  with  oxygen 
ichile  the  blower  hangs  before  it  ? 

A.  Because  the  blower  increases  the 
draught;  and  the  faster  the /to^  air  flies 
up  the  cfiimney,  the  faster  wilt  cold  air 
rush  toward  the  fire,  to  supply  it  with 
oxyg-en. 

Q.       WTiy  does  a.  parlor  often  ammA.  disagreeably 

A.  Because  the  air  in  the  chimney 
(being-  colder  than  the  air  in  the  parlor) 
descends  into  the  room,  and  leaves  a  dis- 
agreeable smell  of  soot  behind. 

Q.  Why  are  the  ceilings  of  public  orpicES 
gsTierailly  black  andfdtky  ? 

A.  Because  the  heated  air  of  the 
office  buoys  up  the  dust  and  fine  soot ; 
which  (beino;  unable  to  escape  through 
the  plaster)  is  deposited  on  the  ceihng. 

Q,  Why  are  some  parts  of  the  ceiling,  blackeh 
and  more  filthy  ikart  others  ? 

A.  Because  the  air,  being  unable  to 
penetrate  the  thick  joists  of  the  ceihng 
passes  by  those  parts,  and  deposits  its  see; 
and  dust  on  others  more  penetrable. 
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Q.  What  M  CHARCOAL? 

A.  Wood  which  has  been  exposed  to 
a  red  heat,  till  it  has  been  deprived  of 
all  its  gases  and  volatile  parts. 

Q.  Tf>.5  ts  a  CHARCOAL  fire  hoUer  than  a 
woodfirt? 

A.  Because  charcoal  is  very  pure 
carbon  ;  and,  as  it  is  the  carbon  of  fuel 
which  produces  the  glowing  heat  of 
combustion,  therefore,  the  purer  the  car- 
bon, the  more  intense  will  the  heat  of 
the  fire  be. 

Q.  Why  does  charcoal  remote  the  taint  o/" 
meal? 

A.  Because  it  absorbs  all  putrescent 
effluvia,  whether  they  arise  from  animal 
or  vegetable  matter. 

Q.  Wliy  is  WATER  PURIFIED  Sy  ieing-  filtered 
through  charcoal  ? 

A.  Because  charcoal  absorbs  the  im- 
purities of  the  water,  and  removes  all 
disagreeable  tastes  and  smells,  whether 
they  arise  from  animal  or  vegetable 
matter. 

Q.       Why  are  water  and  wine  casks  charred 

A.  Because  charring  the  inside  of 
a  cask  reduces  it  to  a  kind  of  charcoal ; 
and  charcoal  (by  absorbing  animal  and 
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vegetable  impurities)  keeps  the  liquor 
sweet  and  good. 

Q.  Wky  does  a  piece  of  BritNT  bread  make 
impure  water  j^i  io  drink  ? 

A.  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  by 
oeing'  burnt)  absorbs  the  impurities  of  the 
water,  and  makes  it  palatable. 

Q,  Why  should  toast  uTid  water,  placed  by 
the  side  of  the  sick,  he  made  o/'burnt  bread? 

A.  Because  the  charcoal  surface  of 
burnt  bread  prevents  the  water  from 
being-  affected  by  the  impurities  of  the 
sick  room. 

Q,  Why  should  sick  ptrsons  eat  dry  toast 
rather  than  bread  and  butter  ? 

A.  Because  the  charcoal  surface  of 
the  dry  toast  helps  to  absorb  the  acids 
and  impurities  of  a  sick  stomach. 

There  are  otlier  reasons  which  belong  to  the  science  of 
medicine. 

Q.       Why  are  timbers  which  are  to  be  exposed 

to  damp  CHARRED? 

A.  Because  charcoal  undergoes  "no 
change  by  exposure  to  air  and  water;  m 
consequence  of  which,  Umber  will  resist 
weather  mudi  longer  after  it  has  been 
charrec'. 
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LAMPS   XCTD   CANDLES. 

Q.  Of  what  are  oil,  tallow,  and  wax  com 
posed? 

A.  Principally  of  carbon  and  hydro- 
g^en  gas.  The  solid  part  is  carbon,  the 
volatile  part  is  hydrog^en  gas. 

Q.       What  is  CAKBON  ? 

A.  A  solid  substance,  g-eneraily  of  a 
black  color;  well  known  under  the 
forms  of  charcoal,  lamp-black,  coke,  &c. 

Q.       What  is  hydrogen  gas  1 

A.  The  principal  ingredient  of  water. 
It  burns  so  readily  that  it  used  to  be 
called  "inflammable  air,"* 

Common  coal  gaa  is  a  mixture  of  carbon  and  hjdrogen, 
called  "  carburetted  ]jj'ilro|:en."    See  p.  262. 

Q.  A  CANDLE  BUENs  wheii  lighted.  Explain 
how  this  is. 

A.  The  heat  of  the  lighted  wick  de- 
c<ymposes  the  tallow  into  its  elementary 
parts  of  carbon  and  hydrogen ;  and  the 
hydrogen  of  the  talloio,  combining  with 
the  oxygen  oftlie  air,  produces  j?aj?ie. 

Q.  Whkre  is  the  iaUow  or  wax  of  a  eandli 
ieamposed? 

A.    In  the  loick.    The  melted  tallow 

•  To  mate  Iiydrosen  gaa,  see  p.  41. 
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or  wax,  rises  up  the  wick  by  capillary 
attraction,  and  is  rapidly  decomposed  by 
the  heat  of  the  flame. 

Q.       What  is  capillary  atlractwii? 

A.  The  power  which  very  minute 
tubes  possess  of  causing-  a  liquid  to  rise 
in  them  above  its  level. 


Water  ascends  through  a  lamp  of  sugar,  or  piece  of 
Eponge,  by  dpillary  attraction.     N.  B. — TJie  smallec  a 
tube,  the  higher  will  a  liquid  be  attracted  by  it. 
Q.       Why  is  the  flamg  of  a  candle  hot? 
A.     Because  the  flame  liberates  latent 
heat  from  the  air  and  tallow. 

Q.       How  is  LATENT  HEAT  liberated  by  thefiamt 

of  a  CANDLE  ? 

A.  When  the  elements  of  the  tallow 
combine  with  the  oxygen  of  the  air,  latent 
heat  is  liberated  by  the  chemical  chang^es. 

Q.       Why  does  the  flame  of  a  candle  pToduce 

A.  Because  the  chemical  chano^es 
made  by  combustion  excite  undulations 
of  ether,  which  (striking-  the  eye)  produce 
light. 

Soo  p.  El. 

Q,       IVhtj  is  the  flame  of  a  candle  yem-owT 

A.     It  is  not  SO  altog^ether  ;  only  the 

mtter  coat  of  the  flame  is  yellow — the 
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lower  part  is  violet ;  and  the  insidt  of  tho 

flame  hollow. 

Q.       Why  is  the  outside  of  thf.  flame  yellow^ 
A.     Because  the  carbon  of  tim  lallow 

(being  in  a  state  of  perfect  combustion) 

is  made  white  hot. 

Seo  p.  50. 
Q.       Why  is  the.  bottom  part  of  the  flame  par- 

A.  Because  it  is  overladen  with  hydro- 
gen, raised  from  the  tallow  by  the  burn- 
ing wick ;  and  this  gas  (which  burns 
with  a  blue  flame)  gives  the  dark  tinge 
to  the  bottom  of  the  candle-flame. 


Q.       Why  is  the  inside  of  the  flan 

A.  Because  it  is  filed  with  vapor, 
raised  from  the  candle  by  the  heat  of  the 
vnck,  and  not  yet  reduced  to  a  state  of 
combustion. 

Q.      Describe  the  different  parts  of  the  flame  of 

A.  The  flame  consists  of  three  cones. 
The  innermost  cone  is  hollow ;  the  inter- 
mediate one  of  a  dingy  purple  hue;  and 
the  outside  cone  is  yellow, 

Q.  Why  is  the  intermediate  cone  of  a  flame 
rnxPLE  as  well  as  the  bottom  of  the  flame? 

A.  Because  the  gases  are  not  in  a 
state  of  perfect  combustion ;  but  contaio 


LAMPS   AND   CANDLEa,  77 

an  excess  of  hydrogen,  which  gives  the 
flame  a  purple  tinge. 

Q.  Why  is  not  the  middle  cone  in  a.  state  li 
f  effect  combustion  as  well  as  the  outer  one  ? 

A.  Because  the  outer  cone  presents 
the  oxygen  of  the  air  from  g:elting  to  the 
middle  of  the  flame;  and  without  the 
free  access  of  oxygen  gas,  there  is  no 
such  thing  as  complete  combustion. 

Q.  Why  does  the  flame  of  a  candle  point  up- 
wards ? 

A.  Because  it  heats  the  surrounding 
air,  which  (being  hot)  rapidly  ascends, 
driving  the  name  upwards  at  the  same 
time. 

Q.  W?i,i/  is  the  plame  of  a  candle  tointed  ol 
the  top  like  a  cone  ? 

A.  Because  the  upper  part  of  a  flame 
is  more  volatile  than  the  lower;  awd,  as 
it  affords  less  resistance  to  the  air,  is  re- 
duced to  a  mere  point. 

Q.  Why  are  Ike  lower  parts  of  a  fiame  less- 
VOLATILE  than  the  upper? 

A.  Because  they  are  laden  with  un- 
consumed  gas  and  watery  vapor,  wliichi 
present  considerable  resistance  to  the  air, 

Q.  WAi/  is  the  plame  of  a  candle  blown  out 
by  a  pvff  of  breath  ? 

A.  Because  it  is  severed  from  ths 
widi,  and  goes  out  for  want  of  support. 
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Q,  Why  does  the  flame  of  a  candle  make  t 
SLASS  {which  is  held  over  it)  damp  T 

A.  Because  a  "watery  vapor"  is 
made  by  the  combination  of  the  hydrogen 
of  the  tallow  with  the  oxygen  of  the  air  ; 
and  this  "vapor"  is  condensed  by  the 
cold  glass  held  above  the  flame. 

Q.  Wki/  does  our  hand,  held  above  a  candle, 
suffer  more  from  heat  than  when  U  is  placed  below 
Ihefiamt,  or  on  one  side  of  it  ? 

A.  Because  the  hot  gases  and  air 
(in  their  ascent)  come  in  contact  with  the 
hand  placed  above  the  flame  ;  but  when 
the  hand  is  placed  belmo  the  flame,  or  on 
one  side,  it  only  feels  heat  from  radiation. 

Radiation:  i,  e.,  emission  of  raja.  Tlie  candle-flama 
throws  out  raya  of  light  and  beat  in  all  directions ;  l>al 
when  the  hand  is  hold  aiovethe  flame,  it  not  only  feels  the 
h«at  of  tlio  ™i/5,  but  also  of  the  ascending  current  of  Aot 
air,  &c. 

Q.  'H'hi/  is  a  rush  light  extinguished  fiwri 
quickly  than  a  eollonrwick  candle  ? 

A.  Because  a  hard  rush  imbibes  the 
melted  fat  or  wax  much  more  slowly 
than  porous  cotton ;  as  it  imbibes  less 
fat,  it  supplies  a  smaller  volume  of  cam- 
bustible  gases;  and,  of  course,  the  lig"ht 
is  more  easily  exting^uished. 


A.    Because   porous   cotton  imbibes 
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the  melted  fat,  or  wax,  much  more  quick- 
\y  than  hard  rush ;  as  it  imbibes  more 
fat,  it  supplies  the  flame  with  a  larg-er 
volume  of  combustible  gases;  and,  of 
course,  the  light  is  with  more  difficulty 
extinguished, 

Q.  Why  is  a  gas  flame  more  easily  extin- 
guished  when  Ihejet  is  ver^  slightly  turned  on,  than 
when  it  is  in  full  stream  ? 

A.  Because  there  is  less  volume  of 
combustible  gases  in  the  small  flame 
than  in  the  full  blaze. 

Q.       Why  does  an.  extinguisher  put  a  candle 

A.  Because  the  air  in  the  extin- 
guisher is  soon  exhrnistud  of  its  oxygen  by 
the  flame :  and  when  there  is  tio  oxy- 
gen,  flame  goes  out. 

Q.  Why  does  mi  a  candle  set  fire  to  a  piece 
of  PAPER,  twilled  inio  an  cxlinguisher,  and  used  as 
such? 

A.  1st— Because  the  flame  very  soon 
exhausts  the  oxygen  contained  in  the  pa- 
per extinguisher-:  and 

2dly  —  The  flame  invests  the  inside 
of  the  paper  extinguisher  with  carbonic 
add  gas,  which  prevents  it  from  blazing. 

Q.       Why  is  a  long  wick  never  upright  ? 

A.  Because  it  is  bent  by  its  own 
weight. 

Ht,itt.b.Goog[c 
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Q.  A  LONG  WICK  is  covered  imih  an  EFrLORES- 
BEBCE  at  the  top.      WAb(  does  tMs  arise  from  ? 

A.  The  knotty  or  flowery  appear- 
ance of  the  top  of  a  wick  arises  from  an 
accumulation  of  particles  paHhj  scpartU- 
ed  but  still  loosely  hanging;  to  the  wick. 

Q.  WTlt/  is  not  the  end  of  a  long  wick  burnt 
OFF  as  it  hangs  over  the  fame  ? 

A.  Because  the  length  of  the  wick 
diminishes  Uie  heat  of  the  Jiame  ;  so  that 
it  is  no  longer  hot  enough  to  consume  the 
wick. 

Q.  Why  do  Palmer's  metallic  wicks  neoer 
need  snupfink  ? 

A.  Because  ttie  wick  is  divided  into 
two  parts,  each  of  which  bends  toward 
the  outside  of  the  flame,  where  the  end 
is  intensely  heated,  and  separated  (rom  the 
wick  by  the  current  of  air  up  the  candle. 

N.  B,  The  small  wire  twisted  in  tlie  wick  gi'eatly  assists 
Q.       Will/  do  common   candles  require  to  be 


A.  Because  the  heat  of  the  flame  is 
not  sufficient  to  consume  the  wick;  and 
the  lo}\ger  the  wick  grows,  the  less  heat 
the  flame  produces. 

Q.      Why  do  WAX  CANDLES  KEVEK  nced  swuet- 


A.     Because  the  wick  of  icax  candles 
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is  made  of  very  fine  thread,  which  the 
heat  of  the  flame  is  sufficient  to  consume. 
The  wick  of  taHoic  candles  (on  the  other 
hand)  is  made  of  coarse  cotton,  which  is 
too  substantial  to  be  consumed  by  the 
heat  of  the  flame,  and  must  be  cut  off 
by  snuffers. 

Q.       Why  does  a  pin  stuck  in  a  rush  light 


A.  Because  a  pin  (being  a  good 
conductor)  carries  aicay  the  heat  of  the 
fiaine  from  the  wick,  and  prevents  the 
combustion  of  the  tallow. 

Q.      What  is  Hie  smokk  of  a  candle  ? 

A.  Solid  particles  of  carbon,  separat- 
ed from  the  wick  and  tallow,  but  not 
consumed. 

Q.       TFAy  are  some  particles  consumed  and  not 

OTHEHS  1 

A.  The  combustion  of  the  carbon  de- 
pends upon  its  combining  with  tlie  oxygen 
of  the  air:  now,  as  the  outer  surface  of 
the  Rame  prevents  the  access  of  air  to  the 
interior  parts,  much  of  the  carbon  of 
those  parts  passes  off  in  smoke. 

Q,  Why  do  LAMPS  SMOKE? 

A.  Either  because  the  icick  is  cut 
unevenly,  oi  else  because  it  is  turned  up 
too  high. 

i* 

I  .i.t.,  Google 
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Q.       Why  does  a  lamp  smoke  when  the  M'ick  tl 

tut  rNEVENLY  I 

A.  1st — Because  the  points  of  the 
jagged  edge  (being  very  easily  separated 
from  tlie  wick)  load  thefiame  with  more 
carbon  than  it  can  consume ;  and 

2dly — As  the  heat  of  the  flame  is 
greatly  diminished  by  these  bits  of  wick, 
it  is  unable  to  consume  even  the  visual 
quantity  of  smoke. 

Q.  Why  does  a  lamp  smoke  when  the  wick  ii 
turned  up  too  high? 

A.  Because  more  carbon  is  separated 
from  the  wick  than  can  be  consumed  by 
thejlame. 

Q,  Why  do  not  "  argand  burnees  "  %m,ohc  / 
A.  Because  a  current  of  air  passes 
through  the  middle  of  thejlame;  incon- 
sequence of  which,  the  carbon  of  the 
interior  is  consumed,  as  well  as  that  in 
the  outer  coating  of  thejlame. 

Q.  Why  does  a  lamp-glass  diminish  tht 
8MOKE  of  a  lamp? 

A.  1st — Because  it  increases  the 
supply  o{  oxygen  to  the  flame,  by  produ- 
cing' a  draught ;  and 

2dly — It  concentrates  and  rejlects  the 
heat  of  the  flame  ;  in  consequence  of 
which,  the  combustion  of  the  carbon  is 


more  perfect,   and  very   little   escapes 
unconsuiiied. 


CHAPTER  VII, 

AIOMAL   HEAT. 

Q.       What  is  the  cause  of  animal  heat  T 

A.     Animal  heat  is  produced  by  the 

combustion  of  hydrogen  and  carbon  in 

the  capillary  vessels. 

Q.       W%at  are  dapillaky  vessels! 

A.  Vessels  as  small  as  hairs  running 
all  over  the  body ;  they  are  called  capil- 
lary from  the  Latin  word  "  capilla'ris" 
(like  a  hair). 

Q.  Do  these  capillaky  vessels  run  all  over 
the  human  body  ? 

A.  Yes.  Whenever  blood  Jloios  from 
a  tcound,  some  vein  or  vessel  must  be 
divided ;  and  as  you  can  brings  blood 
from  any  part  of  the  body  hy  a  very 
slight  wound,  these  little  vessels  must 
run  throug^h  every  part  of  the  human 
frame. 

Q,  How  do  HYDROGEN  gas  and  carbon  get 
t?Uo  these  very  Utile  vessels  ? 

A     The  food  we  eat  is  converted  into 
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blood ;  and  blood  contains  both  hydroger. 
and  carbon. 


Q.  ITow  does  cohbustioh  talce  place  m  the  ta 
^iUary  vessels  t 

A.  The  carbon  of  the  blood  combines 
with  oxygen  of  the  air  we  breathe,  and 
forms  into  carbonic  add  gas. 

Q.  What  BECOMES  1^  this  CARBONIC  ACID  OA3 

formed  in,  Ike  kuman  blood  ? 

A.  The  lungs  throw  off  almost  all  of 
it  into  the  air,  by  the  act  of  respiration. 

Q.       What  GAS  is  generated  in,  a  common  fire 

bl/  COMBUSTION  T 

A.  Carbonic  acid  gas — formed  by  the 
union  of  the  carbon  of  fuel  with  the  oxy' 
gen  of  the  air. 

Q.       Whai  CAS  is  generated  bt/ a  lighted  CAnni-B 

A.      Cai-bonic  acid   gas — formed   by 

the  union  of  the  carbon  of  the  oil  or  tal- 
low with  the  oxygen  of  the  air. 

Q.  What  is  the  cause  of  spontaneous  com- 
bustion? 

A.  The  piled-up  goods  ferment  from 
heat  and  damp  ;  and  (during  fermenta- 
tion) carbonic  acid  gas  is  formed,  which  is 
attended  with  combustion. 

Q.  Does  the  HEAT  of  the  miMAN  tiyaY  arise  from 
the  SAME  CAUSE  as  the  heat  of  fire  ? 

A..     Yes,  precisely.     The   carbon  of 
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the  blood  combines  with  the  oxygen  of  the 
air  inhaled,  and  produces  carbonic  add 
gas,  which  is  attended  with  combustion. 

Q.  ^animal  heal  is  produced  hy  combustion, 
wAy  docs  not  ike  human  body  burs  dp  like  a  coal  or 
candle  J* 

A.  It  actually  does  so.  Every  mus- 
cle, nerve,  and  organ  of  the  body,  actu- 
ally icastes  away  like  a  burning  candle  ; 
and  (being  reduced  to  air  and  ashes)  is 
rejected  from  the  system  as  useless. 

Q.  ^  every  bone,  muscle,  nerve,  and  organ,  is 
thus  consumed  by  comhustion,  why  is  not  the  body 
entirely  consum  ed  ! 

A.    It  would  be  so,  unless  the  parts 

destroyed  were  perpauaUy  renewed :  but 
as  a  lamp  will  not  go  out,  so  long  as  it 
is  supplied  with  fresh  oil — neither  will 
the  body  be  consumed,  so  long  as  it  is 
supplied  with  siiffideni  food. 

Q.  WTiac  is  the  prineipat  difference  betiseen 
the  combustion  of  a  fire  or  lamp  and  that  of  tkt 

HUMAN  BODY  ? 

A.  In  the  human  body,  the  combus- 
tion is  effected  at  a  much  lower  temper- 
alure ;  and  is  carried  on  more  slowly, 
than  it  is  in  a  lamp  or  Are. 

Q,      How  is  it  that  carbon  can  he  made  to  bum 


ob  CHEMICAL    ACTION. 

is  reduced  to  very  minute  particles  ;  and 
these  particles  are  ready  to  undergo  a 
rapid  change  as  soon  as  oxygen  is 
supphed. 

Q.  When  a  man  is  sTAKVED,wAiii  parls  of  the 
body  go  first  ? 

A.  First  the  fat,  because  it  is  the 
most  combustible ;  then  the  muscles ; 
last  of  all  the  brain  ;  and  then  the  man 
dies,  like  a  candle  ivhich  is  burnt  out. 

Q.  Why  does  want  of  sufficient  tJouEiSHMEcr? 
often  produce  madness  ? 

A.  Because  after  the  fai  and  muscles 
of  the  body  have  been  consumed  by  ani- 
mal combustion,  the  brain  is  next  attack- 
ed ;  and  (unless  the  patient  dies)  mad- 
ness ensues. 

Q.       Why  does  a  man  simirnt  wlien  starved  % 

A.  Because  the  capillary  fires  feed 
upon  the  human  body  when  they  are  not 
supplied  with  food-fuel  A  starved  man 
shrinks  just  as  a  fire  does,  when  it  is  not 
supplied  with  fuel. 

Q.       What  is  the  fuel  ofllie  body  ? 

A.  I^od  is  the  fuel  of  the  body. 
The  carbon  of  the  food  mixing  with  the 
oxygen  of  the  air,  evolves  heat  in  the 
same  way  that  a  fire  or  candle  does. 

Q,       Why  is  every  part  of  the  boot  warmV 
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A.     Because  the  capillary  vessels  run 
through  every  part  of  the  human  body, 
and  the  combustion  of  blood  takes  place 
in  the  capillary  vessels. 
See  p,  84. 

Q.       Why  does  RDiflNiNG  make  ms  wakm  ? 

A.  Because  we  inJiale  air  more  ra- 
pidly when  we  run,  and  cause  the  blood 
to  pass  more  rapidly  through  the  lungs 
in  contact  with  it,  JRunning  acts  upon 
the  capillary  vessels  as  a  pair  of  bellows 
on  a  coramon_^re. 

Why  does  inhaling  air  kapidlt  make  the 


A.  .  Because  more  oxygen  is  intro- 
duced into  the  body.  In  consequence 
of  which,  the  combustion  of  the  blood  is 
more  rapid — the  blood  itself  more  heated 
— and  every  part  of  the  body  is  made 
warmer. 


Q.       W%p  does  HAUD  woEK  proo 

A.  Because  it  produces  quicker  respi- 
ratkm;  by  which  means,  a  larger  amount 
of  oxygen  is  introduced  into  the  lungs, 
and  the  cujMlary  combustion  increased. 
Hunger  is  the  notice  (given  by  our  body) 
to  remind  us  tJiat  our  Jbod-fuel  must  lie 


Why  does  singijsg  make  us  hungry  % 
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A.  Because  it  increases  respirntimi; 
and,  as  more  oxygen  is  intvoduced  into 
the  lungs,  our  food-fuel  is  more  rajndly 
consumed. 

Q.       Why  does  keadino  aloud  make  us  fed 

HUNGRY  ? 

A.  Because  it  increases  respiration; 
and,  as  more  oxygen  is  inlroduced  into 
the  lungs,  our  foodfael  is  more  rapidly 


Q,  Why  do  we  fed  less  hungry  in  the  nigJU 
than  in.  the  day  1 

A.  Because  we  breathe  more  slowly 
during  sleep ;  therefore,  less  oxygen  is 
introduced  into  the  lungs,  to  consume  our 
food-fuel. 

Q.  Why  do  we  nceil  warmer  clothing  hy 
NIGHT  than  by  day  ? 

A.  1st — Because  ihe  night  is  gener- 
ally colder  than  the  day  ;  and 

2dly — Our  bodies  are  colder  also  ;  be- 
cause we  breathe  more  slowly,  and  our 
animal  combustion  is  retarded. 

Q,       Why  do  we  perspire  when  very  hot  ? 

A.  The  pores  of  the  body  are  like  the 
safety  valves  of  a  steam-engine ;  when 
the  heat  of  the  body  is  very  great,  some 
of  the  combustible  matter  of  the  blood 
is  thrown  off  in  perspiration;  and  the 
heat  of  the  body  kept  more  teiiiperate. 
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Q.  IVhy  do  persons  feel  lazy  a^  averse  la 
txercise  when  they  are  half-starved  or  ill-fed? 

A.  Animal  food  contains  great  nou 
rishraent,  and  produces  a  desire  for  active 
occupations ;  but,  when  tile  body  is  not 
supplied  with  strong  food,  this  desire 
for  muscular  action  ceases,  and  the  person 
grows  slothful. 

Q.  WTii/  have  persons  who  follow  hard,  out- 
of-doors  OCCUPATIONS  more  appetite  tha7i  Ihost 
who  are  engaged  in  sebestaky  pursuits  ? 

A.  Hard  bodily  labor  in  the  open  air 
causes  much  oxygen  to  be  conveyed  into 
the  luTigs  by  inspiration  ;  the  combustion 
of  the  food  is  carried  on  quickly ;  anima* 
heat  increased;  and  need  for  nutritious 
food  more  quickly  indicated  by  craving 
hungei: 

Q.  Why  have  persons  who  follow  sedentary 
PURSUITS  tos  APPETITE iiure  'ploughmen  and  masons? 

A.  1st — Because  the  air  they  inhale 
is  less  pure,  beings  deprived  of  some  of 
its  oxygen :  and 

A.  2dly — Their  respiration  is  neither 
so  quick,  nor  so  strong;  and,  therefore, 
the  couibustion  of  their  food  is  carried  on 
more  slowly. 

Q.  Why  do  we  like  strong  meat  and  greasy 
food  when  the  weather  is  very  cold  J 

A.     Because  strong  meat  and  grease 
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conlain  farg-e  portions  of  carbon  andftj^ 
drogen ;  which  (when  burned  in  the 
blood)  produce  a  larger  amount  of  heat, 
than  any  other  kind  of  food. 

Q.  WTiy  do  persons  bat  more  food  in  col» 
weaiher  than  in  hot  ? 

A.  Because  the  body  requires  more 
fuel  in  cold  weatJier,  to  keep  up  the  same 
amount  of  animal  heal ;  and  as  we  put 
more  coals  on  a  fire  on  a  cold  day,  to  keep 
our  room  warm  \  so  we  eat  more  food 
on  a  cold  day,  to  keep  our  body  warm. 

Q.       Why  does  cold  produce  HimoEit  ? 

A.  Isl  —  Because  the  air  contains 
more  oxygen  in  cold  weather ;  and,  there- 
fore, ^/'es  burn  more  fiercely,  and  animal 
combustion  is  more  rapid  :  and 

2dly — As  we  are  more  active  in  cold 
weather,  our  increased  respiration  acts 
like  a  pair  of  belloivs  on  the  capillary 
combustion. 

Q,       Why  does  rapid  digestion  produce  a  era- 

A.  This  is  a  wise  providence  to  keep 
our  bodies  in  health  ;  they  give  notice  (by 
hunger)  that  the  capillary  fires  need  re- 
plenishing, in  oi'der  that  tlie  body  itselj 
may  not  be  consumed. 

Q.  Why  do  tee  feel  a  desire  for  actitity  vn 
told  ivealhej  J* 
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A.  1st — Because  activity  increases 
the  warmth  of  the  bodyj  by  fanning  the 
combustion  of  the  blood :  and 

2dly — The  strong  food  we  eat  creates 
a  desire  for  muscular  exertion. 

Q.  W/iy  are  the  Esquimaux  so  pasmnatdy 
fmid  ofTRKia  OIL  wnd  whale  blubber? 

A.  Because  oil  and  blubber  contain 
large  quanlities  oi  carbon  and  hydrogen, 
which  are  exceedingly  combustible ; 
and,  as  these  people  live  in  climates  of 
intense  cold,  the  heat  of  their  bodies  is 
increased  by  the  greasy  nature  of  their 
food. 

Q,  WTiy  do  we  feel  a,  dislike  to  strong  meat 
and  greasy  food  in  -oery  hot  weather  ? 

A.  Because  strong  meat  and  grease 
contain  so  much  carbon  and  hydrogen, 
that  they  would  make  us  intensely  not : 
we  therefore,  instinctively  refuse  them  in 
hot  weather. 

Q,  Why  do  we  like  FRtnrs  and  vegetables 
mtMt  in  hot  weather  ? 

A.  Because  they  c^ma\n  less  hydro- 
gen and  carbon  than  meat;  and,  there- 
fore, produce  both  less  blood,  and  blood 
of  a  less  combustible  nature. 

Q.  Why  is  the  blood  of  a  less  ooMBPSTreLE  wa- 
tttTc,  if  ioe  live  chiefly  npoji  fruits  and  vegetables  I 

A.     Because    fruits    and    vegetables 
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supply  the  blood  with  a  very  large 
amount  odoalcr;  which  is  not  combusti- 
ble, like  the  carbon  and  hydrogen  of 
strong'  meat. 

Q.      How  do  FKUTTS  and  vegktables  cool  the 

BLOOD? 

A.  1st — They  diminish  the  amount  of 
carbon  and  hydrogen  in  the  blood,  which 
are  the  chief  causes  of  animal  heat :  and 

2dly — They  supply  the  blood  with  a 
large  amount  of  water,  which  exudes 
through  the  skin,  and  leaves  the  body 
cool. 

Q.  Why  do  we  fed  lazy  and  averse  lo  aedvitp 
in  uerji  HOT  WEATHER,  ? 

A,  1st — Because  muscular  activity 
increases  the  heat  of  the  body,  by  qait^- 
ening  the  respiration :  and 

2dly — The  food  we  eat  in  hot  wea- 
ther (not  being-  greasy)  naturally  abates 
our  desire  for  bodily  activity. 

Q.  Why  do  the  inhahilanis  of  TKoncAL  coaiy 
tries  live  chiefly  ■upon  eice  and  fruit? 

A.  Because  rice  and  fruit  (by  diges- 
tion) are  mainly  converted  into  wuls7-;  and 
(by  cooling  the  blood)  prevent  the  tropical 
heat  from  fefiling  so  oppressive. 

Q.       Why  are  the  ill-fed  instinctively  aversb 

lo  CLEAKLlNrss  ? 
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A.  Because  cleanliness  increases  kun- 
ger,  which  they  cannot  allay  by  food. 

Q.  W/iy  are  the  ill-clad  also  instinctively 
averse  to  l-leanliness  ? 

A.  Because  dirl  is  warm^  (thus  pig^, 
who  l(jve  tcarmthf  are  fond  of  dirt)  ;  to 
those,  tlierefore,  who  are  very  ill-clad, 
the  icarnUli  of  dirt  is  agreeable. 

Q,       WTiy  are  very  poor  people  instinctively 


A.  Isl — Because  ventilation  increases 
the  oxygen  of  the  air — the  comAiistion  of 
food — and  the  cravings  of  appetite  :   and 

2dly — Ventilation  cools  the  air  of  our 
rooms :  to  poor  people,  therefore,  who  are 
ill-clad,  the  warmth  of  an  ill-ventilated 
apartment  is  agreeable. 

Q.       Why  does  flannel,  ^c,  make  us  wAitm  I 

A.  Flannel  and  warm  clothing-  do 
not  make  us  warm,  but  merely  prevent 
our  body  from  becoming  cold. 

Q.  How  does  flannel,  ^c,  preveiil  out  body 
front  becoming  cold  ? 

A.  Flannel  (being  a  bad  conductor) 
will  neither  carry  oj"  the  heat  of  our  body 
into  the  cold  air,  nor  suffer  the  cold  of 
the  air  to  come  in  contact  with  our  icarm 
body :  and  thus  it  is,  that  flannel  clothing 
keeps  us  warm. 
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Q.  JVli,^  are  frogs  and  risiiES  cold  eloodeu 
animals  ? 

A.  Because  they  consume  very  lutle 
air;  and,  without  a  plentiful  supply  of 
air,  combustion  is  too  slow  to  generate 
much  animal  heat. 

Q,       Why  is  a  dead  body  cold  1 

A.     Because  air  is  no  longer  conveyed 
to  the  lungs,  after  respiration  has  c 
and,  therefore,  animal  heat  i 
generated  by  combustion. 
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chapter  viii. 
1. — Pebcossion. 

Q.      HoiB  is  heat  produced  by  mechanical  ac- 

A.  1. — By  Percussion.  2. — By  Fric- 
tion.   And  3. — By  Condensation. 

Q.       What  is  meant  by  percussion  9 

A.  The  act  of  stiiJdng ;  as  when  a 
blacksmith  strikes  a  piece  of  iron  on  his 
anvil  with  his  hammer, 

Q.       WAyt/oesSTRiKicfeiEON  make  it  ^w>  hot? 

A.     Because  it  condenses  the  particles 
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of  the  metal,  and  makes  the  lalent  heat 
tensible. 

Q.      Does  COLD  iron  eowtain  heat  ! 
A.     Yes;    everything   contains  heat; 
but,  when  a  thing'  feels  cold,  its  heat  is 

LATENT. 

Q.       What  is  meant  hy  latent  heat  ? 

A.  Heat  not  perceptible  to  our  feelings. 
When  anythino;  contains  heat  without 
feeling  the  hotter  for  it,  that  heat  is 
called  "  latent  hmt." 

See  p.  3T. 
Q.      Does  COLD  iron  eonlain  latent  heat? 

A.  Yes ;  and  when  a  blacksmith 
compresses  the  particles  of  iron  by  his 
hammer,  he  brings  out  latent  heat ;  and 
this  makes  the  iron  red  hot. 

Q.  How  used  blacksmiths  to  light  the/e 
MATCHES  before  the  general  use  of  lueifers  ? 

A.  They  used  to  place  a  soft  iron 
nail  upon  their  anvil ;  strike  it  two  or 
three  times  with  a  hammer ;  and  the 
point  became  suffideiUly  hot  to  light  a 
brimstone  match. 

Q.  Kou>  can  a  kail  (Sarien  by  a  hammer) 
IGNITE  a  brimstone  match? 

A.  The  particles  of  the  nail  beinjf 
compressed  by  the  hammer,  can  no  long^er 
contain  so  much  heat  in  a  latent  state,  as 
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they  did  before;  some  of  it,  therefore, 
becomes  sensible,  and  increases  the  tem- 
perature of  the  iron. 

Q.  W7iy  does  striking  a  flint  against  a 
piece  o/"  STEEL  -produce  a  spark  t 

A,  Because  it  compresses  those  parts 
of  the  flint  and  steel  which  strike  toge 
tfier.  In  consequence  of  which,  some  of 
their  latent  heat  is  disturbed,  and  exhi- 
bits itself  in  a  spark. 

Q,  How  does  thii  development  of  beat  product 
a  BPARK  a>id  set  tinder  on  fire? 

A.  A  very  small  frag-raent  (either  of 
the  steel  or  flint)  is  knocked  off  red  hot, 
and  sets  fire  to  the  tinder  on  which  it 
falls. 

Q.  WTiy  is  it  needful  to  keep  blowinq  iht 
TiMJBR  with  the  breath  / 

A.  In  order  that  the  increased  sup- 
ply of  air  may  furnish  the  tinder  with 
more  oxygen  to  assist  combustion. 

Q.  Where  does  the  oxygen  of  the  air  come 
FROM,  lehicK  is  bf^mm  to  the  lighted  liader  ? 

A.  From  the  air  itself,  which  is  com- 
posed of  two  gases  {nUrogen  and  oxygen) 
mixed  together, 

Every  5  gallons  of  common  air  contain  nearly  4  gallons 
of  uitrogen,  and  1  of  oxygen. 

Q.  What  is  the  use  of  oxygen  ga8  to  lighted 
tinder? 
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A.  It  supports  tfie  combustion  of  the 
tinder.  Blowing  lighted  tinder  carries 
oxygen  to  it  and  quickens  it,  in  the  same 
way  as  a  pair  of  bellows  quickens  a  dull 
fire. 

Q.  Why  do  HORSES  sometimes  btrike  pirb 
loith,  their  feet  ? 

A.  Because  when  their  iron  shoes 
strike  against  the  flint  stones  of  the  road, 
very  small  fragments  (either  of  the  shoe 
or  stones)  are  knocked  off  red  hot,  and 
look  like  sparks. 

Q.       What  inaket  these  fragments  red  hot? 

A.  The  percussion  co7ide?ises  the  part 
struck:  In  consequence  of  which,  some 
of  its  latent  heat  is  rendered  sensible,  and 
exhibits  itself  in  these  red  hot  fragments. 


CHAPTER  IX. 
2. — Friction. 


Q.       What  is  meant  by  r 
A.     The  act  of  rubbing  two  things  to- 
gether ;  as  the  Indians  rub  two  pieces  of 

wood  together  to  produce  fire. 

Q.      How  do  the  Indians  produce  fire  by  merdf 

EUBBING  TWO  PIECES  of  dry  wood  TOGBTHEa? 
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A.  They  take  a  piece  of  dry  wood, 
sharpened  to  a  point,  which  they  iiib 
quickly  up  and  down  a  jlat  piece,  till  a 
groove  is  made  ;  and  the  dust  (collected 
in  this  groove)  catches  fire. 

Q.       Why  does  the  dust  of  the  wood  catch  fire 

bl/  RUBBING  ? 

A.  Because  latent  heat  is  developed 
from  the  wood  by  friction. 

The  best  woods  for  this  purpose  are  birxicaod  against 
mtUfierri/,  or  laurel  against  poplar  or  ivy. 

Q.      Do  not  CARRIAGE  WHEELS  somelimes  catch 


A.  Yes  ;  when  the  wheels  are  dry — 
or  fit  too  tightly — or  revolve  very  rapmly. 

Q.       Wki;  do  wheels  catch  fire  in  such  cases  ? 

A.  Because  the  friction  of  the  wheels 
ag:ainst  the  axle-tree  disturbs  their  lai&ni 
heat,  and  produces  ignition. 

Q,       What  is  the  use  of  greabing  cart  wheels  ? 

A.  Grease  lessens  the  fiction ;  and, 
because  there  is  less  friction,  the  latent 
heat  of  the  wheels  is  less  disturbed. 

Q,  Why  does  rubbing  our  hands  and  faces 
waSe  them  feel  warm? 

A,  1st — Because  friction  excites  the 
latent  heat  of  our  hands  and  faces,  and 
makes  it  sensible  to  our  feeling- :  and 

2diy — The  blood  is  made  to  circtdate 
more  quickly  ;  in  consequence  of  which, 


(he  quantum  of  heat  (left  in  its  passage) 
is  increased. 

Q.  Whin  a  man  has  been  almost  browned, 
why  is  suspended  animation  restored  by  rubbino  % 

A.  1st — Because  friction  excites  tlie 
latent  fieat  of  the  half-inanimate  body  : 
and 

2dly^ — It  makes  the  bload  circulate 
mo7-e  quicklij,  which  increases  the  animal 
heat. 

Q.       Wky  do  two  pieces  of  ice  {rubbed  together) 

MELT? 

A.  Ice  contains  140  degrees  oflaierd 
lieat,  and  (when  two  pieces  are  rubbed 
together)  sonne  of  this  latent  heat  is  made 
sensible,  and  melts  the  ice. 

Q,  Are  not  forests  sometimes  set  o?i  FiaE  by 
friclioTi  ? 

A.  Yes ;  when  two  branches  or 
trunks  of  trees  (blown  about  by  the 
wind)  rub  violently  i^ainst  each  other, 
their  talent  heat  is  tfere^  >ted,  and  sets  fire 
to  the  forests. 

Q.  Why  do  carpenters'  too  b  (such  as  gimleii, 
saws.fiks,  4^,)  become  hot  when  used  ? 

A.  Because  the  friction  of  the  took 
against  the  wood  disturbs  its  latent  heal, 
and  makes  it  sensible. 

Q.       Gi  '  an  ILLUSTRATION  o/"  Mis. 

A.    W:  sn  cannon  is  bored,  thehorers 
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become  so  intensely  hoi  from  friction,  that 

they  would  blister  the  hands,  if  touched. 

Q.       WTiy  do  these  boreks  become  so  inlctaelp 

A.  Because  the  friction  of  the  borers 
against  the  metal  is  so  g;reat,  that  it  seta 
free  a  large  quantity  of  latent  heat. 


CHAPTER  X. 
3. — Condensation  or  Compression* 


Q.       What  is  raeanl 

A.  The  act  of  bringing  parts  nearer 
together  ;  as  a  spono;e  is  compressed  by  be- 
ing squeezed  in  the  hand. 

Q.  Cannot  heat  be  eoolved  from  common  air 
nerdy  by  compression  ? 

A.  Yes  ;  if  a  piece  of  German  tinder 
be  placed  at  the  hattom  of  a  glass  tvhe, 
and  the  air  in  '  le  tube  compressed  by 
a  piston,  the  tin'  er  will  catch  fire. 

In  a  common  syrii  <e  or  squirt,  the  kavAle  part  (which 
amUdns  the  sucker,  aud  is  forced  up  and  down)  is  called 
"the  Pistoc." 


The  redaction  of  matter  into  a  smaller  cor  pass  bysomi 
internal  action  (aa  by  the  escape  of  caloric'   s  called  co» 

OEBBH-nOH, 
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Q,        WAy  wilt  Che  tinder  calchfire  ? 

A.  Because  the  air  is  compressed^ 
and  its  latent  heat  being  squeezed  out^ 
sets  fire  to  the  tinder  at  the  bottom  of 
the  tube. 

Q.  When  an  air-gun  is  discharged  in  tht 
dark,  why  is  it  accompanied  with  a  slight  fi.ash  ? 

A.  Because  the  air  is  very  rapidly 
condensal,  and  its  latent  heat  developed 
ill  ajiask  of  light. 

N.  B.  Ifa  glass  leas  be  flsed  in  the  copper  ball,  (where 
the  air  of  the  gun  is  c/mdenssd,)  a  flash  of  light  may  be 
distinolly  discerned  at  the  stroke  of  the  piston. 

Q.  Why  do  DETONATING  sail  and  powder  ex- 
plode on  being  rubbed  or  struck  7 

A.  Because  the  mechanical  action  of 
rubbing"  or  stiiking,  produces  sufficient 
heat  to  ig-nite  the  explosive  maierials  of 
which  they  are  composed. 

Q.  Why  are  shot  and  cannon-balls  heated 
by  being  discharged  from  a  gun  or  cannon  1 

A.  Because  the  air  is  so  rapidly  con- 
densed, when  the  discharge  is  made,  that 
sufficient  latent  heat  is  developed  to 
make  the  shot  or  balls  hot. 

Q.  Why  does  the  hole  made  by  a  shot  or  can- 
turn-ball  in  It  -wall  or  timber,  look  as  if  it  mere  evrstI 

A.  Because  the  shot  or  cannon-balls 
were  so  heated  by  the  discharge,  as  ac- 
tually to  scorch  the  material  into  which 
they  penetrated. 
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EFFECTS    OF    HEAT. 
CHAPTER    XI. 
1. — Expansion. 

Q.  Whal  are  ike  frincipai  effects  of  heap  J 
A.  1. — Expansion.       2.  —  Liquefac- 
tion. 3. — Vaporization.     4. — Evapora- 
tion ;  and  5. — Ig'nition. 

Q,         Does  HEAT  EXPAND  Altt  1 

A.  Yes;  if  a  bladder  (partially  filled 
with  air)  be  tied  up  at  the  neck,  and  laid 
before  the  fire,  the  air  will  expand  till  the 
bladder  bursts. 

Q.  Why  will  the  air,  swell  if  the  bladder  he 
Icdd  before  Ihefire  ? 

A.  Because  the  heat  of  the  fire  will 
drive  the  particles  of  air  apart  from  each 
other,  and  cause  them  to  occupy  more 
room  than  they  did  before. 

Q,  Why  do    UTiSlit    CHESTNDTS    CRACK    wUk  d 

loud  noise  lohtn  roasted  ? 

A.  Because  tliey  contain  a  great  deal 
of  air  which  is  expanded  by  the  heat  of 
the  fire ;  and  not  beings  able  to  escape, 
bursts  violenlly  through  the  thick  rind, 
slitting  it,  and  making"  a  great  noise. 
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Q.  What  occasions  the  lovd  cradk  or  report 
which  we  hear  ? 

A.  Isi — The  sudden  bursting  of  the 
rind  makes  a  report ;  in  the  same  way 
as  a  piece  of  icood  or  glass  would  do,  if 
snapped  in  tico :  and 

2dly — The  escape  of  hot  air  from  the 
chestnut  makes  a  report  also ;  in  the 
same  way  as  gunpowder ,  when  it  escapes 
fi-om  a  gun. 

Q.  IVht/  does  the  sudden  bursting  of  the  rind, 
or  SNAPPiNQ  of  a  piece  of  wood,  make  a  repoilt? 

A.  Because  a  violent  jerk  is  g^iven 
to  the  air,  when  the  attraction  of  cohe- 
sion is  thus  suddenly  overcome,  Thia 
jerk  produces  rapid  undulations  in  the 
air,  which  (striking"  upon  the  ear)  give 
the  brain  a  sensation  of^  sound. 

Q-  WTiy  does  the  escape  of  air  from  the  chest- 
niU,  or  the  explosion  if  gunpowdek,  produce  a 

REPORT? 

A.  Because  the  sudden  expansion  of 
the  imprisoned  air  produces  a  partial 
vacuum ;  the  rqtort  is  caused  by  the 
rushing  of  fresh  air  to  fill  up  this  vacuum. 

Seo  Thunder,  p.  15. 
Q.      ^a  CHESTNUT  be  slit,  il  will  not  cral-k  ; 
why  is  this  ? 

A.     Because   the   licated  air  of  the 
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chestnut  can  then  freely  escapa  throug'h 
the  sl'U  in  the  rind. 

Q.  Why  does  an  apple  sflil  and  sfurt  about 
when,  roasted? 

A.  Because  it  contains  a  vast  quanti- 
ty of  air,  which  (being"  expanded  by  the 
heat  of  the  lire)  hursts  through  the  peel, 
carrying  the  juice  of  the  apple  along 
with  it. 

Q-  Does  an  apple  contain  moue  air  in  'propor- 
tion than  a  " 


A.  Yes,  much  more.  There  is  as 
much  condensed  air  in  a  common  apple, 
as  would  fill  a  space  48  times  as  large 
as  the  apple  itself. 

Q.      How  can  all  this  aih  be  starved  in  an  ArrLE? 

A.  The  inside  of  an  apple  consists  of 
little  cells  (like  a  honey-comb),  each  of 
which  contains  a  portion  of  the  air. 

Q.  When  an  apple  is  boasted,  why  is  one 
fart  made  soft,  vihile  all  the  rest  remains  hard  ? 

A.  Because  the  air'in  those  cells  next 
the  fire  is  expanded,  and  flies  out ;  the 
cells  are  broken,  and  their  juices  mixed 
together;  so  the  apple  collapses  (from  loss 
of  air  and  juice),  and  feels  sojl  in  tliose 
parts. 

Q.       MHiat  is  meant  by  the^^ apple  collapsiN!)?" 
A.     It  means  that  the  plumpness  gives 


way,  and  the  apple  becomes  jiahhy  and 
shrivelled. 

Q.  Wny  do  spahks  of  fire  start  {with  a,  crack' 
ling  noise)  from  pieces  of  wood  laid  upon  a  rmii  ? 

A.    Because   the  air  (expanded  by 

the  heal)  forces  its  way  through  the  pores 
of  iJie  wood;  and  carries  along  with  it 
the  covering  of  the  pore,  which  resisted 
its  passage. 

Q.       What  is  meant  by  the  "forss  of  the  woonV' 

A.  Very  small  holes  in  the  wood, 
through  which  the  sap  circulates. 

Q.  WTiat  are  the  sparks  op  fere  which  bunt 
from  tlm  wood? 

A.  Veiy  small  pieces  of  wood  made 
red  hot,  and  separated  from  the  log^  by 
the /o7'ce  of  the  air,  when  it  bursts  from 
its  confinement. 

Q.  Why  does  dry  pike  make  more  mapping 
than  any  other  wood? 

A.  Because  the  pores  of  pine  are  very 
large,  and  contain  more  air  than  wood 
of  a  closer  grain. 

Q  Why  does  green  wood  make  lesb  snap- 
ping than  DRY  ? 

A,  Because  the  pores  being'  filled 
with  sap,  contain  very  tittle  air. 

Q.       Why  does  dry  wood  makt  more  snapfino 
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A.  Because  the  sap  is  dried  up,  and 
the  pores  are  filled  with  air  instead. 

Q.  WTiy  does  rur  woodBV&m  more  easily  than 
GREEN  Of  tcet  wood  ? 

A.  Because  the  pores  of  dry  "wood 
are  JiUed  with  air  which  supports  com- 
bustion ;  but  the  pores  of  green  or  wet 
wood  are  filled  with  moisture,  which  ex- 
tinguishes flame, 

Q.       W%y  does  MOISTURE  extinguish  tlame  ? 

A.  1st — Because  it  prevents  the  hy- 
drogen of  the  fuel  from  mixing  with  the 
oxygen  of  the  air,  to  form  carbonic  add 
gas;  and 

2dly — Because  heat  is  perpetually 
carried  off^  by  the  formation  of  the  sap 
or  moisture  ir^o  steam. 

Q.  Whi/  do  sTo."JES  SNAP  and  fly  abaul  when 
healed  in.  the  fire  ? 

A.  Because  the  close  texture  of  the 
stone  prevents  the  hot  air  from  escaping-; 
in  consequence  of  which,  it  bursts  forth 
with  great  violence,  tearing  the  stone  to 
atoms,  and  forcing  the  fragments  into 
the  room. 

Probably  some  part  of  this  offect  is  due  to  the  setting 
free  of  the  viakr  of  crystallization. 

Q.  When,  bottled  ale  or  poetkr  is  set  hefort  a 
rjRE,  why  is  the  cork  forced  out  someliTaes  ' 

A.    Because  the  carbonic  add  of  the 
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liquor  expands  by  the  heat,  and  drives 
out  the  cork. 

Carbonio  aoid  gas  is  a  compound  of  carbon  and  oiygen. 
riie  carbon  comes  from  the  fad,  and  the  oi^jgeii  from  the 
air.    Sec  p.  10. 

Q,  Why  does  ale  or  porteu  proth  nwre  after 
it  has  been  set  before  the  fire  ? 

A.  Because  the  heat  of  the  fire  sets 
free  the  carbonic  acid  of  the  liquor ; 
which  is  entangled  as  it  rises  through 
the  liquor,  and  produces  bubbles  or  froth. 

Q.  When  a  boy  makes  a  balloon,  and  sets 
fire  to  the  collon  or  sponge  {inhich  has  been  steeped  in 
spirits  oftsiTiit),  why  is  the  balloon  inflated? 

A.  Because  the  air  of  the  balloon  is 
expanded  by  thejlame,  till  every  crumple 
is  inflated  and  made  smooth. 

Q.  Why  does  the  BALLOON  KisE  after  it  has 
been,  inflated  by  the  expanded  air  ? 

A.  Because  the  same  quantity  of  air 
is  expanded  to  three  or  four  times  its  ori- 
ginal volume ;  and  made  so  much  ligJUer, 
that  even  virhen  al!  the  paper,  wire,  and 
cotton  are  added,  it  is  still  lig'hter  than 
common  air. 

Q.       W%y  does  ssfOKE  eush  UP  a  chimney? 

A.  Because  the  heat  of  the  fire  ar- 
pands  the  air  in  the  chimney ;  which 
(being  thus  made  lighter  than  the  air 
around)  lises  up  the  chimney,  and  carries 
ihe  smoke  in  its  current. 

I  .i.t.,  Google 
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Q.  Why  will  a  long  chimney  "Moke,  unleit 
the  FIRE  he  pretty  fierce  ? 

A.  Because  the  heat  of  the  fire  wi!) 
not  be  sufficient  to  rarefy  all  the  air  in 
the  chimney. 

Q.  Why  viiU  the  chimney  smoke,  unless  tkcfire 
he  riERCS  enough  to  heat  all  the  air  in  the  chimney 

A.  Because  the  cold  air  (condensed 
in  the  upper  part  of  the  flue)  loiU  sink 
from  its  own  wdght ;  and  sweep  the  as- 
cending smoke  back  into  the  room. 

Q.  What  is  the  use  <^  a  cowl  upon  a  chim- 
ney-pot ? 

A.  It  acts  as  a  screen,  to  prevent  the 
wind  from  blowings  into  the  chimney. 

Q.  What  HAUK  would  the  wind  do  if  it  were 
to  BLOW  into  a  chimney? 

A.  1st — It  would  prevent  the  smoke 
from  getting- out;  and 

2dly — The  cold  air  (introduced  into 
the  chimney  by  the  wind)  woitM  fall 
down  the  fine,  and  drive  the  smoke  with 
it  into  die  room. 

Q.  Why  are  some  things  solid,  others  liqcid, 
aiid  others  GASEOUS  ? 

A.  Because  the  particles  which  com- 
pose some  things  are  nearer  together 
than  they  are  in  others.  Those  in  which 
the  particles  are  closest  are  solid ;  those 
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in  which  they  are  farthest  apart  are  gas- 
eous ;  and  the  rest  liquid. 

Q.  Why  does  liKat  change  a  solid  (like  iee) 
first  into  a  liquid,  and  then  into  a  gas  1 

A.  Because  heat  drives  the  compo- 
nent particles  further  asunder ;  hence  a 
certain  quantity  of  heat  changes  soUd  ice 
into  a  liquid — and  a  further  addition  of 
heat  changes  the  liquid  into  steam. 

Q.       Why  does  water,  simmer  befir-e  it  boif.s  ? 

A.  Because  the  particles  of  water 
near  the  bottom  of  the  kettle  (being  form- 
ed into  steam  sooner  than  the  rest)  shoot 
upwards;  but  are  condensed,  again  (as 
they  rise)  bxj  the  colder  water,  and  pro- 
duce what  is  called  "  simmering." 

Q.       What  is  meant  by  simmerikc  ? 

A.  A  gentle  tremor  or  undulation  on 
tfie  surface  of  the  water.  When  water 
simmers,  the  bubbles  collapse  beneath  the 
surface,  and  the  steam  is  condensed  to 
water  again;  but  when  water  boils,  the 
bubbles  rise  to  the  surface,  and  the  steam 
is  thrown  off. 

Collapse,  i.  e.,  burst. 
Q,       Why  doss  a  kettle  sing  when  the  water 
nmmers  ? 

A.  Because  the  air  (entangled  in  the 
water)  escapes  hyfts  and  starts  through 
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the  spout  at  the  kettle,  which  makes  a 
noise  like  a  wind  instrument. 

Q.       TP'S.y  does  not  a.  Ileitis  sing  when,  the  leaW 

BOILS? 

A.  Recause  all  the  water  is  boiling 
hot ;  so  the  steam  escapes  ui  a  continvr 
ous  stream,  and  not  by  Jits  and  starts. 

Q.       JVhen  does  a  kellU  sing  most  ? 

A.    When  it  is  set  on  the  hob  to  boil. 

Q,  Why  does  a  heltle  sing  more  when  it  is  sel 
on  the  KiDr:  of  afire,  than  wh^n  it  is  set  in  the  midst 
of  the  fire  ? 

A.  Because  the  heat  is  apphed  so 
mieqimlly,  that  one  side  is  made  hotter 
than  the  other;  in  consequence  of  which, 
the  steam  is  more  enta 


Q.  W7ii/  does  a  kettle  dng,  when  the  boiling 
water  begins  Co  cool  again? 

A.  Because  the  upper  surface  cools 
Jlrst;  and  the  steam  (which  rises  from 
the  lower  part  of  the  kettle)  is  again  en- 
tangled, and  escapes  hyfits  and  starts. 

Q,  Whl/  does  BOILING  WATER  SWELL? 

A..  Because  it  is  expanded  by  the  heat : 
..  6. — The  heat  of  the  fire  drives  the  par- 
ticles of  water  further  apart  from  each 
other:  and  (as  they  are  not pacJced  so  close- 
ly  together')  they  take  up  more  room ;  in 
other  words,  the  water  swells. 
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Q.  JV/iat  is  meant  when  if  is  said,  that  "  heat 
drives  the  particles  of  water  farther  apakt  from 
each  other  V 

A.  Water  is  composed  of  little  glo- 
Dules,  like  very  small  g:rains  of  sand ;  the 
heat  drives  these  particles  away  from 
each  other ;  and  (as  they  then  require 
more  room)  the  water  swells. 

Q.  WTllJ  does  BOILING  WATER  BUBBLE? 

A.  Because  the  vapor  (risinc^  through 
the  water)  is  entangled,  and  forces  up 
bubbles  in  its  effort  to  escape. 

N.  B.  A1!  the  air  of  water  is  expelled  at  the  commence- 
ment of  its  toiling. 

Q.       IVhy  does  &  kettle  sometimes  boil  over  ! 

A.     Because  the  water  is  expanded  by 

lieat ;   if,  therefore,  a  kettle  is  JUled  with 

cold  water,  some  of  it  must  run  over,  as 

soon  as  it  is  expancUd  hy  heat. 

Q.  But  I  have  seen  a  kettle  boil  over,  aJ- 
thoiigh  it  has  not  been  filled  YULi,  of  water;  how  do 
yov,  account  for  that? 

A.  If  a  fire  be  very  fierce,  the  air  and 
vapor  are  expelled  so  rapidly,  that  the 
hvhbles  are  very  numerous;  and  (tower- 
ering-  one  above  another)  reach  the  top 
of  the  kettle,  and /a//  aver. 

Q.  Why  is  a  pot  {which  was  fall  to  over- 
flowing, while  the  water  was  boiling  hot)  not 
FULL,  afttr  it  has  been  taken,  off  the  fire  for  a  short 
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A,  Because  (while  the  water  is  boil' 
ing)  it  is  expanded  by  the  heat,  and  fills 
the  pot  even  to  overflowing- :  but,  when 
it  becomes  cool,  it  contracts  ag^aiii,  and 
occupies  a  much  less  space. 

Q.  Wfii/  does  ike  -water  of  a  kettle  rvm.  oul 
of  the.  SPOUT  when  it  boils  ? 

A.  Because  the  lid  fits  so  tightly,  that 
the  steam  cannot  lift  it  up  and  escape  : 
being  confined,  therefore,  in  the  kettle,  it 
presses  on  the  loater  with  great  power, 
and  forces  it  out  of  the  spout. 

Q.  JVhal  causes  the  rattling  noise,  so  often 
made  by  {Ae  lir  of  a  saucepan  or  boiler  ? 

A.  The  Steam  (seeking  to  escape) 
forces  up  the  lid  of  the  boiler,  and  the 
weight  of  the  lid  carries  it  back  again: 
this  being  done  frequently,  produces  a 
rattling  noise. 

Q.  if  the  fteam  could  not  lift  up  the  lid 
of  the  boiler  how  would  it  escape  ? 

A.  If  the  lid  fitted  so  tightly,  that  the 
steam  could  not  raise  it  up,  the  boiler 
would  burst  hUo  fragments,  and  the  con- 
sequences might  be  fatal. 

Q.  When  steam  pours  out  from  the  spout  if  a 
kettle,  the  stream  begins  a/pparently  half  an  inch 
off  the  SPOUT ;  vihy  does  it  not  begin  close  li  tfu 

A.     Steam  is  really  invisible  •  and  the 
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iialf-inch  (between  the  spout  and  the 
"  stream  of  misf\  is  the  real  steam,  before 
it  has  been  condensed  by  air. 

Q.  W%y  is  not  all  the  steam  invisiule  at 
weU  as  that  half-ijich  ? 

A.  Because  the  invisible  particles  are 
mndeitsed  by  tlie  cold  air ;  and,  rolling 
one  inlo  another,  look  like  a  thick  mist. 

Q.  IVhat  BECOMES  of  the  steim  ?  for  it  soon 
vanishes. 

A.  After  it  has  been  condensed  into 
mist,  it  is  dissolved  by  the  air,  and  dispers- 
ed abroad  as  invisible  vapor. 

Q.      And  what  becomes  of  the  invisible  vapor  ? 

A.  Being  lighter  than  air,  it  ascends  to 
the  upper  regions  of  the  atmosphere, 
where  (being  again  coiidenscd)  it  contri- 
butes to  form  clouds. 

Q.  Why  does  a  metal  spoon  (left  in.  a  sauce- 
fan)  EETARB  the  process  0/ BOILING? 

A.  Because  the  metal  spoon  (being 
an  excellent  conrfwrfor)  carries  off  tlic  heat 
fivm  the  water  ;  and  (as  heat  is  carried 
off  by  the  spoon)  the  water  takes  a  long- 
er time  to  boil. 

Q.  Why  will  a  pot  {flUd  with  water)  iietes. 
BOIL,  when  immersed  m  anothee  vessel  full  of  waigf' 

A.  Because  water  can  never  be  heat- 
ed above  tfie  boiling  point ;  oil  the  heat. 
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nbsorbeJ  by  water  after  it  boik,  is  em- 
ployed in  g-enerating  steam. 

Q.  7/010  does  ike  converdon  of  water  into  sleam, 
prevent  the  inner  tot  from  boiling  1 

A.  Directly  the  water  in  ttie  lara^er 
pot  is  boiling  Itol  (or  212°),  steam  is  form- 
ed and  carries  off  some  of  its  heat ;  there- 
fore, 21 3°  of  heat  can  never  pass  through 
it,  to  raise  the  inner  vessel    to  boiling 


Why  do  SUGAR,  BAL-r,  Sfc,  retard  t) 


A.     Because  they  increase  the  a 
of  water;   and  whatever  increases  the 
density  of  a  fluid,  retards  its  boiling-. 

Q.      Jf  you  want  water  to  boil  without  comino 
r  tcitk  the  saucepan,  what  plan  must  yoit 


A.  We  must  immerse  the  pot  (contain- 
ing the  water  to  be  boiled)  in  a  sauce- 
pan   containing  strong  brine,   or  sugar. 

Q,  Why  would  the  inner  vessel  boil,  if  the 
OUTER  vessel  contained  strong  brine  1 

A.  Because  brine  wilt  not  boil,  till  it 
is  raised  to  218  or  220°  Therefore, 
212"  of  l.eat  may  easily  pass  through 
it,  to  raise  the  vessel  immersed  in  it  to  boil- 
ivg  heat. 

Q.  Whi/  wiU  brine  impart  to  another  vettd 
.KORE  tha?i  2120  and  water  not  so  much  t 
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A.  Because  no  liquid  can  impart  so 
high  a  degree  of  heat,  as  its  own  boiling 
temperauire  :  As  water  boils  at  212°  it 
cannot  impart  219°  of  heat :  but,  as  brine 
will  not  boil  without  21°  of  heat,  it  can 
impart  enough  to  make  water  boil. 

Q.  IVhi/  can  liquids  impart  no  extea  heat, 
after  tkey  boil  ? 

A.  Because  all  extra  heat  is  spent  in 
makitig  steam.  Hence  water  will  not 
boil  a  vessel  odcater  immersed  in  it,  be- 
cause it  cannot  impart  to  it  212°  of 
heat;  but  brine  will,  because  it  can  im- 
part more  than  212°  of  heat,  before  it  is 
i/se^  converted  into  steam. 

Ether  boils  at-  -  100   iki^s.  1  Synip  boils  at  -  -  221  degi. 

Alcohol 173i    "        Oil  of  turpentine  -  814    " 

Water 212     "       Sulphuric  acid  -      —    " 

WaWr,  with  one-  Linseed  oil  -  -  - 

fifth  salt  -  -  219  "  I  Mercury  .... 
Any  liquid  which  boils  at  a  foum*  degree  can  be  made  to 
boil,  if  immersed  in  a  liquid  which  boils  al  a  Mgier  degree. 
Thaa  a  cup  of  siher  can  be  made  to  boil  \u  a  saucepan  of 
water.  A  c!i,p  of  icater  in  a  Baucepan  of  briite  or  syrup. 
Bnt  a  cvp  ofv:ater  ivill  tuit  boil,  if  immersed  iadker;  nol 
a  Clip  of  syrup  in  vialer. 

Q.       Why  are  clouds  higher  on  a  fine  day? 

A.  Because  they  are  lighter,  and 
Mmre  buoyant. 

Q.       Why  are  clouds  lighter  on  a  fike  dayI 

A.  1st — Because  the  vapor  of  tha 
clouds  is  less  condensed:  and 
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2dly — The  air  itself  (on  a  fine  day) 
retains  much  of  its  vapor  in  ati  invisible 
form. 

Q.       IPS.)/  is  a  CUP  put  INVERTED  into  a  filuit- 

FIE? 

A.  Its  principal  use  is  to  hold  the 
crust  tip,  and  prevent  it  from  sinking, 
when  the  cooked  fruit  g"ives  way  under  it, 

Q.      Does  not  the  cup  pkevekt  the  frujt  of  the 

pi^>m  BOILING  OVEd? 

A.  No — it  will  rather  tend  to  malce  it 
boil  over,  as  there  will  be  less  room  in 
the  dish. 

Q.      Explain  this. 

A.  When  the  pie  is  put  into  the  oven 
the  air  in  the  cup  will  begin  to  expand, 
and  drive  every  particle  of  juice  from 
under  it;  in  consequence  of  which,  the 
pie-dish  will  have  a  cup-full  less  room  to 
hold  its  fruit  in,  than  if  the  cup  were 
taken  out. 

Q.  J?"  the  juice  is  driven  out  of  the  cap,  why  is 
the  CUP  aiuiays  YviA.  of  jvicb  when  the  pie  is  cut  up  T 

A.  Because  immediately  the  pie  is 
drawn,  the  air  in  the  cup  beg:ins  to  con- 
dense again,  and  occupy  a  smaller  space  ; 
and,  as  the  cup  is  no  longer  full  of  air, 
juice  rushes  in  to  occupy  the  void. 

Q.       Why  does  juice  rush  into  the  cup  when  t/u 

tup  is  NOT  FULL  af  Aia ! 

I  .i.t.,  Google 
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A.  Because  the  external  air  presses 
upon  tlie  surface  qfilm  juice,  which  rushes 
unobstructed  into  the  cup ;  as  mercury 
rises  through  the  tube  of  a  barometer. 

N.  B.  Since  tho  jnice  of  the  pie  rnns  into  the  cap,  aa 
Boon  as  it  is  taken  out  of  the  oven ;  the  cup  preventa  the 
jaice  from  bcmg  spSt  aver  tke  cmst,  when  the  pio  is  carried 
about  from  place  to  place ;  although  it  does  not  prevent 
the  fruit  from  boiling  over. 


CHAPTEK    XII. 

Expansion  from  Heat. 
{Chniinued.) 

Q.  Does  heat  expand  everything  else  besides 
aif  and  water  f 

A.  Yes:  ewm/  thing  (that  man  is  ac- 
quainted -with)  is  expanded  by  heat. 

Q,  W%y  does  a  coopeh  heat  his  hoops  red 
HOT  when  he  puis  them  on  a  tab  ? 

A.  1st— As  iron  expands  by  heat,  the 
hoops  will  be  larger  when  they  are  red 
not ;  in  consequence  of  which,  they  will 
lit  on  the  tub  more  easily :  and 

2dly — As  iron  contracts  by  cold,  the 
hoops  will  shrink  as  they  cool  down,  and 
girt  the  tub  with  a  tighter  grasp. 

Q.  Why  does  a  wheelwright  laahe  ike  haopt 
EED  HOT  lithich  he  fixes  on  the  nave  of  a  wheel? 
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A,  1st— -That  they  may  fit  on  more 
tasily :  and 

2iJiy — That  they  may  giri  tlie  nave 
more  tightly. 

Q.  Why  will  ike  teheelwrigki's  hoop  fit  (Ad 
aave  moue  EAsiLy,_^r  being  made  red  hot? 

A.  Because  it  will  be  expanded  by 
the  heat ;  and  (being  larger)  wilt  go  on 
the  nave  more  easily. 

Q.  Why  will  ihi  hoops  which  have  been  pot 
ON  HOT  GIRT  the  nave  more  firmly? 

A.  Because  they  will  shrirJi  when 
they  cool  down ;  and,  therefore,  girt  the 
nave  with  a  tighter  grasp. 

Q.  Why  does  a  stove  make  a  chackliHO 
NOISE  when  afire  is  very  hoi  ? 

A.  Because  it  expands  from  the  heat ; 
and  the  parts  of  the  stove  rubbing 
against  each  other,  or  driving  against 
the  briiM,  produce  a  craving  noise. 

Q,  Why  does  a  stove  malu  a  similar  crack- 
ling NOISE  y)Ae>i  a  large  fire  is  takes  dowb  ? 

A,  Because  it  coiUracts  again,  when 
the  fire  is  removed ;  in  consequence  of 
which,  the  parts  rub  against  each  other 
again,  and  the  bricks  are  again  disturbed. 

Q.  Why  does  the  plaster  rtmnd  a  stove 
CRACK  and  fall  away  ? 

A.  Because  (when  the  fire  is  light 
ed)  the   iron-work  expands  more  than 
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the  brick-work  and  plaster,  and  pusfies 
them  away;  but  (when  the  fire  is  put 
out)  the  metal  shrinks  agiain,  and  leaves 
the  "  settino;"  behind. 


Q,       Why  does  the  plastek  fall  away  I 

A.  As  a  cktTik  is  left  (between  the 
'■setting"  and  the  stove),  the  plaster 
will  frequently  fall  away  from  its  own 
weig"ht. 

Q.       What   OTHEE  cause  contributes  to  brino 

ike  PLASTER  DOWN? 

A.  As  the  heat  of  the  fire  varies,  the 
nzG  oftlie  iron  stove  varies  also  ;  and  this 
swelling:  and  contracting'  keep  up  such 
a  constant  disturbance  about  the  plaster, 
that  it  craclss  and  falls  off,  leaving-  the 
fire-place  very  unsightly. 

Q.  Why  does  the  mercury  of  a  theemometee 
KISE  in  hoi  weather? 

A.  Because  heat  expands  tlie  Tnetal, 
which  (being-  increased  in  bulk)  occupies 
a  larger  space  ;  and,  consequently,  rises 
higher  in  the  tube. 

Q,  Why  is  a  glass  broken  tekeji  rot  w.iteb 
is  poured  into  it  ? 

A.  Because  the  inside  of  the  glass  is 
expanded  by  the  hot  water,  and  iiot  the 
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outside;  so  the  glass  snaps,  in  conse- 
quence of  this  unequal  expansion. 

Q.  W%y  is  not  the  outside  of  Ike  glass  e» 
panded  by  the  hot  water  as  well  as  the  iksidb  ? 

A.  Because  glass  is  a  had  conducior 
of  heat,  and  breaks  before  the  heat  of  the 
inner  surface  is  conducted  to  tlie  outside. 

Q.  Wht/  does  a  glass  snap  because  the  inwbr 
mrface  is  hotter  than  the  oUTisa  ? 

A.  Because  the  inner  surface  is  ex- 
panded and  not  the  outer :  in  conse- 
quence of  which,  an  opposhig  force  is 
created,  which  breaks  the  glass. 

Q.  Why  is  a  china  cup  broken  if  hot  water 
be  poured  over  it,  or  into  it  t 

A.  Because  it  is  a  had  conductor ; 
and,  as  the  inner  surface  expands  from 
the  heat,  (and  not  the  outer,)  an  oppodng 
force  is  created,  which  breaks  the  cup. 

Q.  Jf  a  glass  beaker  be  set  on  a  warm  Hoa, 
why  does  the  bottobc  come  off? 

A.  ■Because  glass  is  a  had  conductor; 
and  {as  the  bottom  of  the  glass  expands 
from  the  warmth  of  the  hot  stove,  before 
the  sides  are  heated)  the  two  parts  s^ 
arate  from  each  other. 


b.  Google 
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CHAPTER  XIII. 

2. LmUEPACTION. 

3. — Vaporization. 
Q,       WAat  is  meant  by  liquefaction  ? 
A.     The  State  of  being  meUed ;  as  ice 
is  melted  by  the  heat  of  the  sun. 

Q.  TTOy  is  ICE  HEi.TBD  by  the  HEAT  of  tkesvu'i 
A.  Because,  when  the  heat  of  the 
sun  enters  the  solid  ice,  it  forces  its  par- 
ticles asunder;  till  their  attraction  of 
cohesion  is  sufficiently  overcome,  to 
convert  the  solid  ice  into  a  lifjuid. 

See  p.  lOD. 
Q.       Why  are  metals  melted  by  the  heal  oj 

FIKE? 

A.  Because,  when  the  heat  of  the 
fire  enters  the  solid  metal,  \i  forces  its  par- 
ticles asunder;  till  their  attraction  of 
cohesion  is  sufficiently  overcome,  to  con- 
vert the  solid  metal  into  a  liquid. 

Q.  Why  is  water  converted  into  steam  by 
the  heat  of  the  fire? 

A.  Because,  when  the  heat  of  the 
fire  enters  the  water,  it  separates  its 
globules  into  very  minute  bubbles  ;  which 
(being-  lighter  than  air)  fly  ofl"  from  the 
surface  in  the  form  of  steam. 

Q.       Why  does  not  wood  melt  like  metal  ? 
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A.  Because  the  heat  of  the  fire  do- 
composes  t!ie  wood  into  gas,  smoke,  and 
asJies;  and  the  different  parts  sqjaraie 
from  each  other. 

Q.       WTtat  is  meant  by  vapoeization  T 

A.  The  conversion  of  a  solid  ov  Ui/iiid 
into  vapor :  as  snow  or  water  is  con- 
verted into  vapor  by  the  heat  of  the 
sun. 

Q.       What  are  c^ovDsi. 

A.  Moisture  evaporated  from  the 
earth,  and  again  partially  condensed  in 
the  upper  regions  of  the  air. 

Q.       What  is  the  difference  between  a  fog  and  a 

CLOUD  1 

A.  Clouds  and  fogs  differ  only  in 
one  respect.  Clouds  are  elevated  above 
our  heads:  hut  fogs  com^  in  contact  with 
the  surface  of  the  earth. 

Q,       Why  do  CLOUDS  FLOAT  so  readily  in  the  air .' 

A.  Because  they  are  connposed  of 
very  minute  globules  (called  ves'icles) ; 
wtlich  (being  lighter  than  air)  float,  like 
soap  bubbles. 

Q.  Why  does  vapor  sometimes  form  into 
CLOUDS,  and  sometimes  rest  vfon  the  earth,  as  mist 

A.  This  depends  on  the  temperature 
of  the  air.  When  the  surface  of  the 
earth  is  loarmer  tlian  tJie  air,  the  vapor 
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of  the  eavth  (being  condensed  by  the 
chill  air)  becomes  mist  or  fo"  But, 
when  the  air  is  icarmer  than  the  earth, 

the  vapor  rises  through  the  air,  and  be- 
comes cloud. 

Q.      Are  ALL  clouds  alike  ? 

A.  No.  They  vary  greatly  in  ihnsity, 
height,  and  color. 

Q.       WhatistheckiefcKv^Koffogandi^hovm'i 

A.     The  changes  of  the  wind. 


Many  local  circumstances  also  favor  tlie  formation  of 
clouiis, 

Q.      Haw  eait  the  changes  of  the  wind  affect  the 

A.  If  a  cold  current  of  wind  blows 
suddenly  over  any  region,  it  condenses 
the  invisible  vapor  of  the  air  into  cloud 
or  rain :  but  if  a  warm  current  of  wind 
blows  over  any  region,  it  disperses  the 
clouds,  by  absorbing  tlieir  vapor. 

Q.       What  oooNTRiEs  are  the  most  cloudy  ? 

A.  Those  where  the  winds  are  inost 
variable,  as  Britain. 

Q,       What  couwTRiBS  are  the  least  cloudy? 

A.  Those  where  the  winds  are  least 
variable,  as  Egypt. 

Q.       What  DISTANCE  are  the  cLoaca  from  tht 

GARTH? 

A.  Some  thin,  light  clouds  are  eleva- 
te 1    above    the   highest    mountain-top ; 
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some  heavy  ones  touch  the  steeples, 
trees,  and  even  the  earth  :  but  the  aver- 
age height  is  between  one.  and  two  mUes, 

N.  B.  streaky,  curling  clouds,  like  hair,  are  often  5  or 
6  mites  high, 

Q.      What  clouds  are  the  lowest? 

A.  Those  which  are  most  highly  elec- 
trified; lightning-  clouds  are  rarely  more 
than  about  700  yards  above  the  ground ; 
and  often  actually  toucit  tlie  earth  icUh 
one  of  their  edges. 

Q.       What  is  the  SIZE  of  the  clouds? 

A.  Some  clouds  are  20  stpiare  miles 
in  surface,  and  above  a  mile  in  thick.ness  ; 
while  others  are  only  a  few  yards  or 
inches. 

Q.  How  can  persons  ascertain  the  thickness 
of  a  cloud  ? 

A.  As  the  tops  of  high  mountains  are 
generally  above  tlie  clouds,  travellers 
may  pass  quite  through  them  into  a  clear 
blue  firmament ;  when  the  clouds  will 
be  seen  beneath  their  feet. 

Q.  What  producen  the  great  variety  in  tht 
BHAPE  of  the  clouds? 

A.  Three  things  :  1st — The  cause 
and  manner  of  their  formation  : 

2dly — Tlieir  electrical  condition  :    and 

3dly — ^Their  reladons  to  carrenis  of 
wind. 

Ht,itt.b.Goog[c 
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Q,      IIow  can  ELECTr.iciTY  affect  Ike  suafb  of 

A.  If  one  cloud  be  full  of  elcdricitif 
and  another  not,  they  will  be  attracted  to 
each  other,  and  either  coalesce — dimi- 
nish in  size — or  vanish  altogether. 

Q.  What  clouds  assuTiie  the  inost  fantastic 
shapes  ? 

A.  Those  that  are  the  most  highly 
electrified. 

Q.       What  effect  have  wimds  on  the  eiiArB  of 

CLOUD  ? 

A.  They  sometimes  absorb  them  eiv- 
tirdy ;  sometimes  increase  their  volume 
and  density ;  and  sometimes  change  tlie 
position  of  their  pai-ts. 

Q.      IIow  can  v/mos  absorb  clovds  aUogether? 

A.  Warm,  dry  icinds  will  convert  the 
substance  of  clouds  into  invisible  vapor, 
which  tiiey  wilt  carry  away  in  their  own 
current. 

Q.  IIow  can  winds  increase  the  bulk  and 
density  of  clouds  1 

A.  Cold  currents  of  wind  will  con- 
dense the  invisible  vapor  of  the  air,  and 
add  it  to  the  clouds  with  which  they 
come  in  contact. 

Q,  How  can  -minds  change  the  shape  of 
CLOUDS,  by  altering  the  position  of  their  parts  ? 

A.     Clouds  are  so  voluble   and  \igh\ 
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that  every  breath  of  wind  changes  the  po- 
Eilion  of  their  ves'icles  or  bubbles. 

Q.       Whal    are  the  general    colors    (f  the 

CLOUDS  ? 

A.  White  and  grey,  when  the  sun  is 
above  thehoHzon:  but  red,  orange,  and 
yellow,  at  sun-rise  and  sunset. 

The  blite  sky  is  not  dead  at  all. 

Q.  JVhy  are  the  last  clouds  of  wvT;.fsaiG  gen- 
erally of  a  KED  tinge? 

A.  Because  red  rays  (being  the  least 
refrangible  of  all)  are  the  last  to  disap- 
pear. 


Suppose  P  A  lo  be  the  red  rays,  P  B  the  yi^llow,  P  C 
the  blue.  If  the  earth  turns  in  the  direction  of  P  A  D,  it 
is  qnite  minifost  that  aapcclafor  will  see  A,  {the  red  rays,) 
some  time  after  P  C  and  P  B  have  passed  from  sight 

Q.  What  is  meaid  by  being  "  less  refrangi- 
ble "1 

A,  Being  less  able  to  he  bent.  Blue 
and  yellow  rays  are  more  easily  bent 
heloxv  the  horizon  by  the  resistance  of  the 
air :  but  red  rays  are  not  so  much  bemi 
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down ;  and,  therefore,  we  see  ihera  later 
in  the  evLniiiig. 

Aa  at  A  in  (ho  flgTire  on  p.  126, 
Q.       Why  are  MoRKrNO  clouds  generally  of  a 

EED  tingn? 

A.     Because  red  rays  are  the  least  re~ 

frangihh  of  all ;  and  not  being-  benl  so 

much  as  blue  and  yellow  rays,  we  see 

them  sooupr  of  a  morning'. 

Thus  (fig.  on  ji,  12G)  if  the  earth  tamed  in  the  direction 
of  D  A  P,  a  spectiitor  at  D  would  see  A  (the  red  riij'3)  long 
before  lie  saw  1'  B  and  P  C. 

Q.       Why  is  not  Die  color  of  clovds  always  AXAKE'i 

A.  Because  their  size,  density^  and  si- 
tuation in  reg'ard  to  the  sun,  are  perpetu- 
ally varying  ;  so  that  sometimes  one  co- 
lor is  reflected  and  sometimes  another. 

Q,       Wkal  regulates  the  motion  of  the  cLouna? 

A,  Principally  the  winds  ;  but  some- 
times clcctricilij  will  influence  tiieir  mo- 
tion also. 

Q.  JTow  do  you  hnow  thai  clouds  move  by 
OTHER  influences  besides  wind  ? 

A.  Because  ^in  calm  weather)  we 
often  sec  small  clouds  meeting  each  otlier 
from  opposite  directions. 

Q,  //ow  do  you  know  thai  ELECTiticiTY  affect 
ihe  motion,  of  Ike  clouds  ? 

A.  Because  clouds  often  meet  from 
opposite  diredioiis ;  and,  having  discharg'- 
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ctl  their  opposite  electricilies  into  each 
other,  vanish  altogether. 

Q.  Into  how  man.y  classes  »r«  the  dtferent 
lorts  of  CLOUDS  generally  divided? 

A.  Into  three  classes  : — viz.  Simple, 
Intermediate,  and  Compound. 

Q.       How  are  simple  clouds  swhdinidcd? 

A.     Into  1. — Cirrus  ;   2. — Cum'ulus  ; 

and  3, — Stra'tus  clouds. 

Q.       What  sort  o/" clouds  are  called  cirrus? 

A,  Clouds  like  fibres,  loose  hair,  or 
thin  streaks,  are  called  "  ciiTus  clouds." 

Q.       IVky  are  these  clouds  called  cirrus  ? 

A.  From  the  Latin  word  cirrus  ("  a 
lock  of  hair,  or  curl ").  Cirms  clouds 
are  the  most  elevated  of  all. 

Q.       What  do  ciERUS  douds  foutend? 

A.  When  the  streamei's  point  up- 
wards,  the  clouds  are  faUiiig,  nnd  rain  is 
at  hand:  but  when  tlie  streamers  point 
doivmcards,  weslerly  winds  or  drought 
may  be  expected. 

Q.       Wkal  sort  of  clouds  are  called  cum'ulus  t 

A.  Cum'ulus  clouds  are  lumps,  like 
g"reat  sugar-loaves — volumes  of  smoke— 
or  mountains  towering  over  mountains. 

Q.  Wky  are  these  monsler  masses  called  cum'- 
ulus CLOURS  ? 

A.  From  the  Latin  word  cum'ulvs 
("a  mass  or  pile  "). 

I  .i.t.,  Google 
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IVhat  do  cum'ultjs  clouds  p 
A.  When  these  piles  of  cloud  are 
fleecy,  and  sail  against  the  wind,,  they 
indicate  rain;  but  when  their  outline  is 
very  hard^  and  they  come  up  with  the 
wind,  they  foretell  fine  weather. 

Cum'uliis  clouds  should  be  entailer  towards  eveninf 
than  thcj  are  at  noon.  If  liiey  increase  in  size  at  sim-se^ 
a  thunder-atorni  may  be  expected  in  the  niglit. 

Q.       Wkal  sort  o/" clouds  are  ealhd  stra'tub? 

A.  Creeping  mhts,  especially  preva- 
lent in  a  summer's  evening' :  these  clouds 
rise  at  sun-set  in  low,  damp  places  ;  and 
are  always  nearer  the  earth  than  any 
other  sort  of  cloud. 

Q,       Wliy  are  these  misls  called  STRA  TVS  clouds  T 

A-     Fi-om  the    Latin    word    stra'tus 

("  laid  low,"  or  "  that  which  lies  low"). 

Q.        What  produces  cirrus  clouds  ? 

A.  Moisture  in  a  visible  form,  deposit- 
ed in  the  highei'  regions  of  the  atmos- 
phere by  ascending  currents  of  heated  air. 

Q.       What  produees  cum'ulus  clouds  1 

A.  glasses  of  visible  vapor  passing- 
from  the  [ilaces  where  they  weve/ormed, 
to  other  places  where  they  are  about  to 
be  either  dissolved,  or  deposited  as  falling 
rain. 

Q.       H7(a!  produces  stra'tus  clouds? 

A.     Beds  of  visible  moisture,  formed 
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by  some  chilling  effects,  acting-  along-  tha 
direci  surface  of  the  earth. 

Q.      How  are  the  iktermediate  clouds  svi-di 


A.  Into  two  sorts.  1. — The  Cirro- 
Cum'ulus  ;   and  2. — The  CiiTO-Stra'tus. 

Q.       What  are  cirko-ctim'ulus  clouds? 

A,  Cirro-Cura'ulus  clouds  are  cirrus 
clouds  springing-  from  a  massy  centre, 
or  heainj  masses,  edged  with  long  streaks 
generally  called  "mares'  tails." 

A  system  of  miaU  round  clonds  may  be  called  civri* 
Q.       TVhal  do  ciitEO-cuM'ULrs  clouds  general^ 

FOREBODE  ? 

A.  Continued  drought,  or  hot,  dry 
weather. 

Q.       TVkat  are  cikko-stha  tus  clouds  ? 

A.  They  compose  what  is  generally 
called  a  "  mackarel  sky."  This  class  of 
clouds  invariably  indicates  rain  and 
wind;  hence  the  proverb— 

"  llackarers  scales  and  marcs'  tails 
llalce  lofty  ships  to  carry  low  sails." 
Q.       'iVIial  produce  cirko-cum'ulus  doudi? 
A.      Caniidus  clouds  dissolving  away 
into  cirrus  produce  the  intermediate  class 
called  cfRRo-cuM'uLOs, 

Q.       What  produce  cirro-stra  tus  cloudi  ? 
A      CiiTus  clouds  accumuliiling  into 
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denser  masses  produce  the  intermediate 
class,  called  cirro-stra'tcs. 

Q.      Jfow  are  compound  clouds  sub-divided? 

A.  Compound  clouds  are  also  sub- 
divided into  two  sorts.  1, — The  Cum'u- 
lo-Stra'tiis ;  and  2. — The  Nimbus  clouds. 

Q.       Whal  is  meanl  by  ci-mulo-stka'tus  clouds  f 

A.  Those  clouds  which  assume  all 
sorts  of  gigantic  faims ;  such  as  vast 
towers  and  rocks — hug"e  whales  and 
drag"ons — scenes  of  battle — and  cloudy 
giants.  This  class  of  clouds  is  the  most 
romantic  and  strange  of  all. 

Q.       What    do    the    cumulo-stra'tus    doJids 


A.  A  change  of  weather  ;  either  from 
fine  to  rain,  or  from  rain  to  fine. 

Q.       Wkal  are  nimbus  clouds  1 

A.  All  clouds  from  which  rain  Jails. 
Nimbus  is  the  Latin  word  for  "  clouds 
which  bring  a  storm." 

Q.  By  what  particnta/r  character  may  the 
NmiBUS  [or  rain-cloud)  be  at  once  DiSTiNcmsHED? 

A.  By  the  want  of  a  defined  outline  : 
Its  edg-e  is  gradually  shaded  off  from  the 
rfeep  grey  mass  into  transparency. 

Q.  What  APPEARANCE  takes  flace  in  the  clouds 
<tf  Ihe  approach  of  rain  ? 

A     The  cum'uhis  cloud  becomes  sla- 
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twnary,  and  cirrus  streaks  settle  upon  U, 
forming:  cum'ulo-stratus  cloudrs ;  blade  at 
first,  but  afterwards  of  a  grey  color. 

Q.       Why  do  cLoUDa  gather  kound  hoxihtaim 

TOPS? 

A.  Because  the  air  (being"  chilled  by 
the  cold  mountain  tops)  deposits  its  va- 
por there  in  a  visible  form  or  cloud. 

Q.       What  are  tht  VSES  of  ci.ovBst 

A.  1st — They  act  as  screens,  to  ar- 
rest the  radiation  of  heat  from  the  earth ; 

2dly — ^They  temper  the  heat  of  the 
sun's  rays ;  and 

3dly — They  are  the  great  store-houses 
of  rain. 

"  Radiation  of  lieat,"  i.  e.,  the  escape  of  lieat,  when  no 

Q.  WJii/  is  wiBD  said  to  blow  up  ihe  clouds  t 
A.  Because  a  dry,  warm  wind  (which 
has  travelled  over  seas)  having"  absorbed 
a  large  quantity  of  moisture,  deposits 
some  of  it  in  the  visible  form  of  douds, 
as  soon  as  it  reaches  a  colder  region  of 
air. 

Q.       Why  does  WIND  sometimes  niavE  awav  iht 

A.  Because  it  has  travelled  over  dry 
dimes  or  thirsty  deserts,  and  become  so 
dry,  that  it  absorbs  vapor  from  tho 
clouds,  and  causes  them  to  disappear. 
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Q.       What  is  the  CAUsr:  of  a  ked  stjn-set? 

A.  The  vapor  of  the  air,  not  bein^ 
actually  condensed  into  clouds,  but  only 
on  the  point  of  being  condensed. 

Q.  Why  is  a  bed  stin-set  an  iitdieation  of  a 
PINE  DAT  to-morrow  ? 

A.  Because  the  vapors  of  the  earth 
are  not  condensed  into  clouds,  by  the  cold 
of  sunset.  Our  Lord  referred  to  this 
prog'nostic  in  the  following-  words: 
"When  it  is  evening-  ye  say  it  will  be 
fair  weather,  for  the  sky  is  red."  (Matt. 
XVI.  2.) 

Q.       IVhai  is  the  cause  of  a  coppery  yellow 

SUN -SET  ? 

A.  The  vapor  of  the  air  being  aclu- 
ally  condensed  into  clouds. 

Q.  Why  do  vapors  (not  actuallv  condensed) 
refract  ked  rays,  while  condensed  vapor  refritcls 
yellov;  ? 

A.  Because  the  beams  of  hg-ht  meet 
with  very  little  resistance;  in  conse- 
quence of  which,  those  rays  are  bent 
down  to  the  eye,  which  require  the  least 
refraction,  such  as  red. 

See  li^re  on  p,  128,  whoro  it  is  evident  that  Che  nd  raj 
P  A,  is  ilia  bent,  than  the  yellow  and  blue  raya,  P  B,  P  C. 
Q,       Why  do  CONDENSED  vapors  refracl  yel- 
low rays,  whereas  vapors  not  actually  condensed 
r^ael  red  T 

A.    Because  the  beams  of  light  meet 
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with  more  resistance  from  the  condensed 
vapor ;  in  consequence  of  which,  those 
rays  are  bent  down  to  the  eye,  which  are 
more  refracteil  than  the  red,  such  as  yel- 
low. 

See  on  figure  p.  126,  where  it  is  evident  tliat  the  yellow 
ray,  P  B,  is  moru  bent  than  the  red  ray,  P  A. 

Q.       Wky  is  a  yellow  sus-set  an  indicatim 

of  WET? 

A.  Be.cause  it  shows  that  the  vapors 
of  the  air  are  already  condensed  into 
clouds;  rain,  therefore,  may  be  shortly 
expected, 

Q,       What  is  the  cmse  of  a  red  sun-rise? 

A.  Vapor  in  the  upper  reg^ion  of  the 
air^'usi  on  the  point  of  being  condensed. 

Q.  Why  is  a  red  and  lowering  sky  at  sun- 
rise an  indication  of  a  wet  day  ? 

A.  Because  the  hig^her  regions  of  the 
air  are  laden  vnth  vapor  on  the  very 
point  of  condensation^  which  the  rising 
sun  cannot  disperse.  Hence  our  Lord's 
observation,  "  In  the  morning  ye  say,  it 
will  be  foul  weather  to-day,  for  the  sky 
is  red  and  lowering."     (Matt,  xvi.  3.) 

Q,       Why  is  a  grey  morning  an  indkaiion  of 

A.  Because  only  the  air  contiguous  to 
the  earth  is  damp  v.nd  fall  of  vapor. 
There  ai-e  no  vapors  in  the  higher  re- 
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g;ions  of  the  air,  to  bend  down  to  the  eye 
even  the  red  rays  of  any  beaoi  of  light. 

Q.  What  difference  {in  the  stale  of  the  air)  it 
requited,  to  make  a  grey  and  red  sun-rise  ? 

A.  In  a  grey  sun-rise,  only  that  por- 
tion of  air  contiguous  to  the  earth  is  jilled 
with  vapor  ;  all  the  rest  is  clear  and  dry. 
But  in  a  red  sun-rise  the  air  in  the  upper 
regions  is  so  full  of  vapor,  that  the  rising 
sun  cannot  disperse  it, 

Q.       JVhj/  is  a  GREY  SUN-SET  an  indkatioit 

A.  Because  it  shows  that  the  air  on 
the  surface  of  the  earth  is  very  damp  at 
sun-set;  which  is  a  plain  proof  that  the 
air  is  saturated  with  vapor ;  in  conse- 
quence of  which  wet  may  be  isoon  ex- 
pected :  hence  the  proverb — 

"  Evening  red  and  moming  gi'ey 
Will  set  the  truTcller  on  his  way ; 
But  evening  grey  and  morning  red 
Will  bring  doivn  rain  upon  !ii3  head." 

Q,  W/tal  is  m€ant  by  an  AuaoitA  boeba'lis, 
«■  norlheiit  light  ? 

A.  Lumhvjus  clouds  in  the  north  of 
tlie  sky  at  nig-ht-time.  Sometimes  streaks 
of  blue,  purple,  green,  red,  &c,,  and 
sometimes  flashes  of  light,  are  seen. 

Q.  W/tal  is  t/ie  cause  of  the  auroka  boeba'* 
LIS,  or  iwrthern  light  ? 
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A.  Mectrkity  Jn  the  higlier  regions 
of  the  atmosphere. 

Q.  Wky  are  iAere  dtffehekt  codrs  i?i  (Ae 
Aurora  Bnrea'iis,  suc/t  as  white,  yellow^  red  and 
purple  f 

A.  Because  the  electric  fluid  passes 
throug^h  air  of  different  densities.  The 
most  rarefied  air  produces  a  icIiUe  UgH; 
the  most  dry  air,  red;  and  the  most 
damp  produces  yellow  streaks. 

Q.  Does  the  AURORA  borea'lis  forebode  fine 
weather  or  wf.t'I 

A.  When  its  coruscations  are  very 
bright,  it  is  generally  followed  by  unset- 
tled weather. 

Q.       Why  does  a  haze  round  ike  sun  indicate 

RAIN? 

A.  Because  the  haze  is  caused  by 
very  fine  rain  falling  in  the  upper  regions 
of  the  air  :  when  this  is  the  case,  a  rain 
of  5  or  6  hours'  duration  may  be  expected. 

Q,  Why  is  a  halo  round  the  moon  a  swie  in- 
dicalion  ofRWi  ? 

A.  Because  it  is  caused  by^ne  rain, 
falling  in  the  upper  regions  of  the  air. 
The  larger  the  halo,  the  nearer  the  rain- 
clouds,  and  the  sooner  may  rain  be  ex- 
pected. 

Q.  What  is  the  came  of  a  black  mist  :  and 
why  does  it  bring  wet  weather  ? 
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A.  The  mi:^t  is  black,  because  it  is 
Bvershadviced  by  dense  clouds ;  and  loei 
weallier  may  be  expected,  because  the 
air  is  saturated  with  vapor. 

Q.  WAy  is  MIST  sometimes  white  :  and  why 
does  a  ivhile  mist  indicate  fine  weather? 

A.  The  mist  is  toliite,  because  no 
clouds  blacken  it  wUh  their  shadow ;  and 
fine  weather  may  be  expected,  because 
tlie  sky  is  cloudless. 

Q.  Why  do  we  feel  almost  suffocated  in  a 
hot  cloudy  night  i* 

A.  Because  the  heat  of  the  earth 
cannot  escape  into  the  upper  region  of 
the  air;  but  is  pent  in  by  the  clouds, 
and  confined  to  the  surface  of  the  earth. 

Q.  Why  do  we  feel  sriticnTLV  in  a  clear, 
bright  night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of 
the  air,  and  is  not  confined  and  pent  in 
by  thick  clouds. 

Q.  Why  do  we  feel  depilesseii  m  sfiritb  on 
I  WET,  mnrky  day  % 

A.  1st — Because  the  air  is  laden 
pitli  vapor,  and  has  (proportionally)  less 
'xygen. 

2dly — The  air  being  lighter  than  usual, 
/o«s  7101  hnlanrs  the  nir  in  our  body  ;  and 
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3dly — Moist  air  has  a  tendency  to  de- 
press the  nervous  system. 

Q.  Whal  is  meant  by  the  "  air  balancing  ths 
atr  171  our  body  ?" 

A.  The  human  body  contains  air  of 
a  g-iven  density;  if,  therefore,  we  ascend 
into  rarer  air,  or  descend  into  denser,  the 
balance   is  destroyed,  and  we  feel   op- 


Q.  WAy  do  me  fed  oppressed,  if  the  air 
around  is  not  of  the  same  rENSiTr  as  that  in  oar 
bodyt 

A.  Because  if  the  air  be  more  dense 
than  our  body,  it  will  produce  a  feeling 
o{  oppression ;  if  it  be  less  dense,  the  air 
in  our  body  will  produce  a  feeling  of 
distension. 


Q.       Why  do  i 
LOONS,  FEEL  PAIN  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  upper  re- 
gions of  the  atmosphere  is  more  rare 
than  the  air  in  their  bodies ;  and  (till 
equilibrium  is  restored)  pain  will  be  felt  in 
the  more  sensitive  parts  of  the  body. 

More  especially  in  the  tympanum  of  the  ear. 

Q.  IVhy  do  PERSONS,  who  descend  in  mvisa- 
BELLS,  FEEL  PAIN  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  diving-bel. 
is  compressed  by  the  upward  pressure  of 
the  water ;    in  consequence  of  which, 
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gjeat  pain  is  felt  in  the  more  sensitive 
parts  of  the  body. 


The  p  ressiire  thus  caused  ia  Eometimes  safficient  (o  nijA 
tare  the  membrane  of  the  tympaQum,  and  produce  inon- 
rable  dcafiicss. 

Q.       Why  arc  pearl    divers  very  freqaenily 

A.  Because  the  pressure  of  the  water 
ag'ainst  the  tympanum  of  their  ears  Tup- 
tures  the  membrane ;  and  this  rupture 
produces  incurable  deafness. 

I  SIGH,  yust 

A.  Because  the  density  of  the  air 
is  very  suddenly  (Mminislwd ;  and  (as  the 
density  of  the  air  is  diminished)  its  pow- 
er to  transmit  sound  is  diminished  also  ; 
in  consequence  of  which,  the  roar  of  the 
sea  is  less  audible,  and  seems  like  heavy 
sighs. 

Q.       WTiy  is  the  aih.  so  universally  quiet,  just 

PREVIOUS  to  a  TEMPEST? 

A.  Because  the  air  is  suddenly  and 
very  greatly  rarefied ;  and  (as  the  density 
of  the  air  is  diminished)  its  power  to 
transnut  sound  is  diminished  also. 

Q.      How  do  you   know,  tkal 

CANNOT  TRANSMIT  SOUND  SO   WsU  OS  denSC 


A.     Because  the  sound  of  a  bell,  (in 
the  receiver  of  an  air-pump)  can  Si 
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be  heard,  after  the  air  has  been  partially 
exhausted ;  and  the  report  of  a  pistol 
(fired  on  a  high  mountain)  would  be 
scarcely  audible. 

Q.  Why  do  we  feel  braced  and  leoht- 
HEAKTED  on  a  FiKE  spring  or  fbosty  morning  ? 

A.  1st — Because  there  is  more  oxy' 
gen  in  the  air  on  a  fine  frosty  niiorning-, 
than  there  is  on  a  wet  day:  and 

2dly — A  brisk  and  frosty  air  has  a 
tendency  to  brace  the  nervous  system, 

Q.  Why  do  DOGS  and  cats  {confined  to  a 
roam)  feel  lazy  and  drowsy,  al  Ihe  approach  of 
rain  ? 

A.  1st — Because  the  air  does  not 
contain  its  full  proportion  of  oxygen  ;  and 

2dly — The  damp  depresses  their  ner- 
vous system,  and  makes  them  drowsy, 

Q.  When  SHEEP  lie  under  a  hedge,  and  seem 
unwilling  to  go  to  pasture.  Rain  is  at  hand:  Ex- 
plain the  reason  of  this. 

A,  Isl— As  the  air  does  not  contain 
its  full  proportion  of  oxygen,  they  feel 
uneasy;  and 

2dly— As  the  damp  air  relaxes  their 
nervous  system,  they  feel  listless  and 
drowsy. 

Q,  1-1%  do  HORSES  neigh,  gattlb  .eic,  siieef 
bkat,  and  asses  bray,  al  the  approacli  of  rain? 

A.     1st — As  the  air  does  oot  contaiu 
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its  full  proportion  of  oxygen,  they  feel 
a  dlffiai/ty  in  breathing ;  and 

2dly — As  damp  relaxes  their  nerveSf 
they  feel  languid  and  uneasy. 

Q.  I^ation  some  otheu  animals,  which  indi- 
cate the  approach  of  rain  in  a  similar  way. 

A.  When  pigs  squeak,  as  if  in  great 
pain — frogs  croak  with  a  loud,  hoarse 
noise — owls  screech — woodpeckers  cry 
— peacocks  scream — guinea-fowls  squall 
— or  ducks  and  geese  are  unusually 
noisy,  rain  is  close  at  hand. 

Q.  W%y  do  CANDLES  aTtd  fires  burn  with  a 
BLUER.  PLAME  in  Wet  weather? 

A.  Because  the  air  contains  less  oxy- 
gen in  wet  weather,  and  therefore,  the 
heat  of  Are  is  less  intense :  The  flame  is 
blue,  because  the  fuel  is  not  thoroughly 


Q.  Why  do  HTLLS,  ^c..,  affear  laroeh  in 
WET  weather  ? 

A.  Because  the  air  is  laden  imth  vapor, 
which  causes  the  rays  of  light  to  diverge 
more;  in  consequence  ofwhich,  they  pro- 
duce on  the  eye  larger  images  of  objects. 

Q.  Why  do  TREES,  ij'c.,  in  wet  •weather  ap- 
pear FURTHER  OFF  than  they  really  are  ? 

A.  Because  the  fog  or  mist  diminish' 
es  the  lig/U  reflected  from  the  object ;  and 
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BS  tile  object  becomes  more  dim,  it  seems 
to  he  farther  off. 

Q.  Why  do  CATS  EUB  thdr  ears,  whe-a.  it  it 
tikdi/  to  rain  ? 

A.  Either  because  the  air  is  full  of 
vapor,  and  its  humidity  (piercing  between 
the  hair  of  the  cat)  produces  an  itching 
sensation:  or  more  probably,^ because  the 
air  is  overcharged  with  electridty. 

Q.  How  can  the  electricity  of  air  produce  a 
sensation  0/ itching  ? 

A.  If  the  air  is  overcharged  with 
electricity,  the  hair  of  the  cat  is  over- 
charged also  ;  and  this  makes  her  feel 
as  if  she  were  covered  with  cobwebs. 

Q.       Why  does  the  cat  /ieep  rubbing  herself? 

A.  Because  her  hair  will  not  lle 
smooth,  but  has  a  perpetual  tendency  to 
become  turgid  and  ruffied;  so  the  cat 
keeps  rubbing  her  coat  and  ears,  to 
smooth  the  hair  down,  and  brush  away 
the  feeling  of  cobwebs. 

Q.       Why  do  OUT  HEADS  and  skin  itch  before. 

A.  Probably  because  the  air  is  over- 
charged with  electricity;  and,  therefore. 
a  sensation  (like  that  of  cobwebs)  ini- 
tates  the  skin,  and  produces  an  itching. 

Q.       When  the  flanis  called  tkefoil,  tandE" 
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LION,  PuirERNEL,  i^c,  ror.D  uf  ihAf  Icapcs,  raim  is 
nlways  close  at  hand  :  Explain  this. 

A.  1st — ^The  cloudy  weather  dimin- 
ishes l!ie  light  of  the  sun;  and  without 
the  stimulus  of  sun-light,  these  flowers 
never  open  their  leaves. 

2dly — The  vapor  of  the  damp  air,  in- 
sinuating- itself  into  the  air-vessels  of 
these  delicate  plants,  causes  them  to 
expand ;  in  consequence  of  which,  the 
leaflets  contract  and  close. 

All  these  plants  dose  at  aun-set  also. 
Q.        IVhy  do  DOORS  SWELL  in  kainy  weather  ? 

A.  Because  the  air  is  filled  loith  va- 
por, which  (penetrating'  into  the  pores  of 
the  wood)  forces  the  parts  farther  apart, 
and  swells  the  door. 

Q.       Why  do  BOORS  SHRiHK  in  dry  weather  ? 

A,  Because  the  moisture  is  absorbed 
from  the  wood  ;  and,  as  the  particles  are 
lyrought  closer  together,  the  size  of  the 
door  is  lessened — in  other  words,  the 
wood  shrinks. 

Q.  Why  is  l!n  Aie.  filled  with  offettsive  shells, 
just  previous  to  a  coming  rain  ? 

A.  Because  the  volatile  parts  which 
rise  from  dung-hills,  sewers,  &c.,  are  pre- 
vented (by  the  vapor  of  the  air)  from 
rising  so  readily,  as  when  the  sun  is 
Bhinino^  brightly. 
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Q.       Why  do   flowers   sme. 
STRONGER,  yusl  preomis  to  rain  ? 

A,  Because  the  volatile  parts  which 
constitute  the  perfume  of  flowers,  are 
prevented  (by  the  vapor  of  the  air)  from 
rising;  in  consequence  of  which,  they 
are  conflned  to  the  lower  regions  of  the 
atmosphere. 

N.  B.  Many  essential  oiU  and  other  volatile  substancits, 
which  produce  odora  in  plants,  require  the  presence  of 
tnudi  woidwe  for  their  perfect  development. 

Q.  Why  ilo  HORSES  and  other  animals  stretch 
out  their  necks,  and  snupt  up  the  air,  jrtsl  previtnu 
toafaUofKiLinl 

A.  Because  they  smell  the  odor  of 
plants  and  hay,  and  delight  to  snuff  in 
their  fragrance. 

Q.  Why  does  smoke  fall,  when  rain  is  at 
hand  ? 

A.  Because  the  air  is  less  dense,  and 
cannot  buoy  up  the  srmke  so  readily  as 
dry  and  heavy  air. 

Q.  Why  do  SWALLOWS  ply  low,  when  rain 
(5  at  hand  ? 

A.    Because  the  insects  (of  which  they 

are  in  pursuit)  have  fed  from  the  cold, 
upper  regions  of  the  air,  to  the  icarm  air 
near  the  earth ;  and,  as  their  food  is  low, 
the  swallows^)/  loio. 

Q.     Why  do  titese  insects  seek  the  loioer  regiom 
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of  the.  air  in,   wet  weatlier,  more  than   in  zinb 
weaiher  ? 

A.  Because  (in  wet  weather)  the 
upper  regions  of  the  air  are  colder  than 
the  lower  ;  and,  as  insects  enjoy  warmth, 
they  seek  it  near  the  earth. 

Q.  Why  docs  a  downwaud  current  of  cold 
AIR  bring  uai.m? 

A.  Because  it  condenses  tlia  warm 
vapor;  which  (being-  condensed)  de- 
scends in  rain, 

Q.  The  proi'crb  says,  "A  single  magpie  in 
spring,  FOUL  weather  will  bring :"  Why  is  this 
the  case  ? 

A.  Because  in  cold,  stormy  weather, 
one  mag/ne  alone  will  leave  its  warm, 
snug  nest  in  search  of  food,  while  the 
other  stays  with  the  eggs,  or  young  ones; 
but  in  fiiic,  mild  weather  (when  their 
brood  will  not  be  injured  by  cold)  both 
the  magpies  Jly  out  togethei'. 

Q.  TI7/y  t!  it  UNLUCKY  for  akgleks  to  see  a 
SINGLE  MAfiPii:  in  spring? 

A.  Because  when  magpies  Jly  abroad 
si?igly,  tiie  weather  is  cold  and  stormy ; 
but,  when  both  birds  jly  out  together^  the 
weather  is  warm  and  mild,  which  is 
favorable  for  fishing. 

Q.  Wkij  do  SEA-GULLS  Jly  about  the  eei  m 
FINE  weather? 

7 
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A.  Because  they  live  upon  tlie  Jishes^ 
which  are  found  near  the  surface  of  the 
sea  ill  fine  weather. 

Q.  tVUj/  may  we  txfect  stormy  rains,  vihea 
SEA-GULLS  assemble  on  the  land  ? 

A.  Because  the  fishes  (on  which 
they  live)  leave  the  surface  of  the  sea  jn 
stormy  weather,  and  are  beyond  the 
reach  of  the  sea-gulls;  in  consequence 
of  whicli,  they  are  obliged  to  feed  on  the 
iDorms  and  larvcE,  which  are  driven  out 
of  the  ground  at  such  times. 

Lan'as,  little  gniTja  and  caterpillars. 
Q,       Why  do  PETRELS  fiy  to  the  sea  during  a 

A.  Because  they  live  upon  sea  insects, 
which  are  always  to  be  found  in  abun- 
dance about  tlie  spray  of  swelling  tcaves. 

N.  B.  Petrels  are  birds  of  the  duck-kind,  which  Kre  in 
tbe  open  sea.  They  run  on  the  top  of  the  ivavta,  and  are 
called  PutreJa,  or  rather  Peter-els,  from  "  St.  Peter,"  id 
allusLou  to  his  walMng  on  the  eca,  to  go  to  Jesus. 

Q.  Why  do  CANDLES  and  lamts  spirt,  when 
RAIN  is  al  hand? 

A.  Because  the  air  isjilled  icith  vapor 
which  penetrates  the  wick  ;  where  (being 
formed  into  steain)  it  expands  suddenly, 
and  produces  a  little  explosion. 

Q.  Why  does  a  drop  of  wateb.  somelimes  roll 
aloTig  a  piece  of  hot  iron,  rcithout  leaving  the  least 
trace? 
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A.  Because  the  bottom  of  the  drop  is 
turned  into  vapor,  which  buoys  the  drop 
up,  without  allowine:  it  to  touch  the  iron. 

Q.       Why  does  il  roll  ? 

A.  Because  the  current  of  air  (which 
is  always  passing  over  a  heated  surface) 
drives  it  along. 

Q.  Why  does  a  LAUKDr.Ess  pul  a  Utile  saliva 
OJt  a  FLAT-itioN,  to  kiiow  if  it  be  hot  enough  ? 

A.  Because  when  the  saliva  slides  to 
the  box,  and  is  evaporated,  she  knows  it 
is  not  sufficiently  hot ;  but,  when  it  runs 
along  the  iron,  it  is. 

Q.  Why  is  the  flat-iron  hotter  if  the  saliva 
RUNS  ALoso-  U,  than  if  it  adheres  till  it  is  evapor- 

A.  Because  when  the  saliva  runs 
along  the  iron,  the  heat  is  sufficient  to 
convert  the  bottom  of  the  drop  into  vapor  ; 
but,  if  the  saliva  icUl  not  roll,  the  iron  is 
not  sufficiently  hot  to  convert  the  bottom 
of  the  drop  into  vapor. 


CHAPTER   XIV. 
4. EVAPORATION. 


Q,       WTiai  is  meant  bi 
A.     The  dissipation  of  liquid  by  its 
conversion  into  vapor. 
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Q.       IVIial  ETWECT&ars  produced  bT/eraporaitim! 

A.  Tlie  liquid  vaporized  absorbs  heal 
from  the  body  wlience  it  issues  ;  and  tlie 
body  ileprived  of  tlie  liquid  by  evapora- 
tion, los'js  heat. 

Q.  IJ'  ym  WET  yov/r  fingee  in  yovT  mouth, 
and  hold  tt  u-p  in  the  air,  tBhy  does  il  furl  cold  ? 

A.  Because  the  saliva  quiclily  evap- 
orates;  and  (as  it  evapoi-iites)  absorbs 
heat  from  tlic  finger,  making-  it  feel  cold, 

Q.  If  ym  BATHE  ymr  templi^s  milk  ether, 
why  does  il  allay  inflammation  ami  jcwrish  heal  ? 

A.  Because  ether  very  rapidly  eoapo- 
rates  ;  and  (as  it  evaporates)  absorbs  heat 
from  the  burnb'ig  liead,  producing'  a  sen- 
sation of  cotd. 

Q.       Why  is  ether  belter  for  this  purpose  than 

A.  Because  ether  requires  less  heat 
to  convert  it  into  vapor  ;  in  consequence 
of  which,  it  evaporates  more  quickly. 

N.  B.  Etiicr  is  converted  icto  vapor  niili  100°  of  heat: 
but  ivator  rmiuircs  212°  of  heat  to  convert  it  into  steam. 

Q.  Why  docs  ether  very  greatly  kelieve  a 
SCALD  w  Buit?;  I 

A.  Because  it  evaporates  very  rapidly; 
and  (as  it  evaporates)  carries  off  the  heat 
of  the  burn. 

Q.       Why  do  we  feel  cold,  when  we  have  wet 

A.     Because  the  wet  of  our  shoes  or 
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clothes  rapidly  evaporates;  and  (as  it 
evaporates)  absorbs  heat  from  our  body, 
which  makes  us  feel  cold. 

Q,       Why  do  wei  feet  or  clothes  give  lu 

A.  Because  the  evaporation  absorbs 
heat  so  abundantly  from  the  surface  of 
our  body,  that  its  temperature  is  bicered 
below  Us  natural  standard;  in  conse- 
quence of  which,  health  is  injured. 

Q.       Why  -is  U  DANGEEOus  to  SLEEP  In  a  damp 

BED? 

A.  Because  the  heat  is  continually 
absorbed  from  the  surface  of  our  body, 
to  convert  the  damp  of  the  sheets  into  va- 
por;  in  consequence  of  which,  our  ani- 
mal heat  is  reduced  below  the  lieaUhy 
standard. 


JVky  is  HE 

IE  of  the  BOD 

standard  ? 

A.  Because  the  balance  of  the  circula- 
tion is  destroyed.  Blood  is  driven  away 
from  the  external  surface  by  the  chill, 
and  thrown  upon  the  internal  or^^ans, 
which  are  oppressed  by  this  increasedi 
load  of  blood. 

Q,  Why  do  we  not  fid  the  same  sensation  of 
cold,  if  we   throiB    a    macintosh   ov.r  our   WEi 

CLOTHES  ? 
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A.  Because  the  macintosh  (being'  air 
light)  jirevents  evaporation;  and  (as  the 

tcel  cannot  evaporate)  no  heat  is  absorbed 
from  our  bodies. 

Q.  Why  do  not  bailors  gel  cold,  who  are 
frcquenilij  wet  all  day  with  sea-watrr  ? 

A.  1st — Because  the  salt  of  the  sea 
retards  evaporation  ;  and  (as  tlie  heat  of 
their  body  is  di-awn  off  gradually)  the 
sensation  of  cold  is  prevented. 

2dly — The  salt  of  the  sea  acts  as  a 
stimulant,  imd  keeps  the  blood  circulat- 
ing in  tlie  skin. 

Q.  Why  docs    BPRIKKLIKG    a    HOT    UOOM    wilh 

■water  cool  it? 

A.  Because  the  heat  of  tiie  room 
causes  a  rapid  evaporation  of  the  sprin- 
kled icater  :  and  as  the  water  evaporates, 
ii  absorbs  heat  from  tlie  room,  which 
cools  it. 

Q.       Why   does  waterisq   eke    stheets   and 

Toads  COOL  TtTEM  ? 

A.  Because  they  part  with  tlieir  heat 
to  promote  the  evaj)oration  of  t'le  water 
sprinkled  on  them. 

Q.       Why  does  a  shower  o/"  rain  cool  the  aih 

A.  Because  the  wet  earUi  parts  with 
itsheat  topromote  evaporation ;  and  when 
the  earth  is  cooled,  it  cools  the  air  also. 


Q.       Why  is  linen  dried  bi/  being  exposed  to 

(AeWiND? 

A.  Because  the  wind  accelerales 
evaporation,  by  reniovin^o-  the  vapor  from 
the  surface  of  tlie  icet  linen,  as  fast  as  it 
is  formed. 

Q.  TT/iy  is  linen  duted  sooTter  in,  Ike  open 
AiK,  than  in  a  confined  room  ? 

A.  Because  the  particles  of  vapor  are 
more  rapiJIy  removed  from  the  surface 
of  the  linen  by  evaporation, 

Q,  IVhi/  are  wet  srtiJiEits  generally  suc- 
ceeded by  COLD  wiNTEiis? 

A.  Because  the  great  evaporation 
(carried  on  through  liie  wet  summer) 
reduces  the  temperature  of  tlie  eaiih  lower 
than  usual,  and  produces  cold. 

Q.  Why  is  this  country  ^(■armek  and  the 
vsinters  less  severe  than  formerly  ? 

A.  Because  it  is  better  drained  and 
oetter  cultivated. 

Q.       WAy  does  draining  lajid  promote  waemth? 

A.  Because  it  diminisJies  evaporation, 
in  consequence  of  which,  less  heat  is  ab- 
stracted i'rom  tlie  earth. 


Q.         tVJiy     does 
WAHMTil  of  a  country? 

A.     ist^Because  hedges  and  belts  of 
trees  are  multiplied : 

2dly — The  land  h  better  drained :  and 


3diy— The  vast  forests  are  cut  down, 
Q.       Why  do  hedges  and  belts  of  trees  pr(t- 

mole  WAUMTH  ] 

A.  Because  they  retard  evaporaiiuii, 
by  keeping  off  the  iciiid. 

Q.  ^'  bcUs  of  trees  provuite  WAr.i[Tir,  why  da 
FORESTS  prod'tce  cold  1 

A.  1st — Because  they  detain  and 
condense  the  passing  clouds  ; 

2d\y — They  prevent  the  access  of 
both  iDtnd  and  sun  ; 

3dly — The  soil  of  forests  is  always 
covei'ed  with  lon^,  damp  grass,  rotting 
leaves,  and  thick  onishicood ;  and 

4l,hiy — In  every  fijrest  there  are  al- 
ways many  hollows  full  of  stagnant 
water. 

Q,  Why  do  LONG  GRASS  and  rottixo  leaves 
■promote  cold? 

A.  Because  they  are  always  damp  . 
and  evaporation,  which  they  promote,  is 
constantly  absorbing  heat  from  the  earth 
beneath. 

Q.  Why  are  Fkancg  and  Germany  ^vakmeii 
now,  than  when  the  vine  would  rwt  ripeji  tlttre  .* 

A.  Chiefly  because  their  vast  forests 
have  been  cut  doivn;  and  the  soil  is  bet- 
ter drained  and  cultivated. 

s  and 
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A.  Ponds  and  tubs  are  often  left  dry 
in  summer-time,  because  their  water  is 
evaporated  by  the  air. 

Q.  How  is  this  evaposation  peoduced  and 
carried  on  ? 

A.  The  heat  of  the  air  changes  the 
surface  of  the  -water  into  vapor,  which 
(blending^  with  tlie  air)  is  soon  wafted 
away ;  and  similar  evaporation  is  repeat- 
edly produced,  till  the  pond  or  tub  is 
left  quite  dry. 

Q,       Why  are  the  wheels  of  some  machines 

ktpl  CONSTANTLY  WET  kM  WATER  ? 

A,  To  carnj  off  (by  evaporation)  the 
lieat  which  arises  from  tlie  7'apid  motion 
of  the  wheels. 

Q,  Wky  is  MOTTLD  HARDENED  b]/  Ihc  SUN  ? 

A.  Because  the  moisture  of  the 
mould  is  exhaled  by  evaporalion ;  and, 
as  the  earthy  particles  are  broug^ht  closer 
together,  the  mass  becomes  more  solid. 

Q.      Shall)  the  wisdom  of  god  in  this  arrange- 

A.  If  the  soil  did  not  become  crusty 
and  hard  in  dry  weatlmr,  the  heat  and 
drought  would  ^cjifiiraie  tJie  soil,  and  kill 
both  seeds  and  roots. 

Q.  TT'Viy  is  tea  cooled  paster  in.  a  saucer 
than  in  a  cup  ? 

A.     Because  evaporation  is  increased 
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by  increasing  the  sw face  ;  and,  as  tea  in 
a  saucer  presents  a  larger  surface  to  the 
air,  its  heat  is  more  rapidly  carried  off 
by  evaporatioQ. 

(The  subject  of  "  convection"  will  be  treafed  of  in  a  fu- 
ture chapter;  it  would  scarcely  be  unilorstood  in  this 
place.  See  p.  213.) 

Q.       TWy  is  'Mt  the  vapor  of  ike  sea  salt  ? 

A.  Because  tlie  salt  is  always  left 
behind,  in  the  process  of  evaporation. 

Q.  What  is  that  white  chust,  which  appears 
{in  hot  weattier)  upon  clothes  wetted  hy  sea,  water  ? 

A.  The  salt  of  tlie  loater,  left  on  the 
clothes  by  evaporation. 

Q.  Wki/  does  this  white  carsr  always  dis- 
appear in  WET  weather  ? 

A.  Because  tlie  moisture  of  tlie  air 
dissolves  the  salt;  in  consequence  of 
which,  it  is  no  longer  visible. 

Q,  Why  should  NOT  persons,  lelio  take  violent 
exerdse,  wear  very  thick  clothing  'I 

A.  Because  it  prevents  the  perspira- 
tion from  evaporating.  When  the  heat 
of  the  body  is  increased  by  exercise,  per- 
spiration  reduces  the  heat  (by  evapora- 
tion) to  a  healthy  standard ;  as  tliick 
clothing-  jjrevents  this  evaporation,  it  is 
injurious  to  health. 


b.  Google 
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CHAPTER  XV, 
1 — Conduction. 

Q.  Howis  HEAT  convKViio  ATED  from  one  body 
tb  another  ? 

A.  1.— By  Conduction.  2. — By  Ab- 
sorption. 3. — By  Reflection.  4 — By 
Radiation,     And  5.— By  Convection. 

Q,       What  is  meant  hy  co^DtrcTLOs  ^  heat  ? 

A.  Heat  communicated  from  one 
body  to  another  by  actual  contact. 

Q.  Why  does  a  piece  of  wood  {blazing  at 
ONE  end)  NOT  feel  hot  at  the  other? 

A.  Because  loood  is  so  bad  a  conduct- 
or, that  heat  does  not  traverse  freely 
through  it;  hence,  though  one  end  of 
a  stick  be  blazing  the  other  end  may  be 
quite  cold. 

Q.  Why  do  some  things  feel  coLDEa  than 
others? 

A.  Principally  because  they  are  bet- 
ter conductors ;  and  draw  off  heat  from 
our  body  much  faster. 

Q.       \Vka,t  are  the  best  conductoes  of  heat? 

A.  Dense,  solid  bodies,  such  as  metal 
and  stone. 

Ht,itt.b.Goog[c 
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Q.  Which  METALS  are  the  jnost  capio  conduct- 
ors cjf  heat? 

A.  The  best  conductors  of  heat  are 
1.  g"old,  2,  silver,  3.  copper: 

The  next  best  are  4.  plat'inum,  5.  iron, 
6.  zinc,  7.  tin.  Lead  is  a  very  inferior 
conductor  to  any  of  the  preceding'  metals. 

Q.       'IVhai  are  the  worst  conductoes  of  heat  ? 

A.  All  light  and  porous  bodies ;  such 
as  hair,  fur,  wool,  charcoal,  and  so  on. 


— llien  charcoal,  w 
Q.       Why  are  cooking  vessels  ejleti  famished 

with  WOODEN  HANDLES? 

A,  Because  wood  is  not  a  good  con- 
ductor, like  metal ;  and,  therefore,  loooden 
handles  prevent  the  heat  of  the  vessel 
from  rushing^  into  our  hands,  to  burn 
them. 

Q,  Why  is  the  handle  of  a  metal  tea-pot 
made  of  WOOD? 

A.    Because  icood  is  a  bad  conductor; 

therefore,  the  heat  of  the  boiling-  water 
is  not  so  quickly  conveyed  to  our  hand  by  a 
wooden  handle,  as  by  one  made  of  metal. 

Q.  WTiy  would  a  metal  iiandlij  eurn  iht 
HAND  of  the  tea-maker  ? 

A.  Because  metal  is  an  exccUeni  can' 
ductor;  therefore,  the  heat  of  boihng  wa- 
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tei'  would  rush  so  quickli/  into  the  melal 
handle,  that  it  would  burn  oui-  Iiand. 

Q.  I'rove  that  a  MirrAL  handle  teould  be  hot- 
ter Ihan  a  woodem  one. 

A.  If  we  touch  tlic  metal  collar  into 
which  the  wooden  handle  is  fixed,  we 
shall  find  that  the  wooden  handle  feeh 
cold,  but  the  metal  collar  intensely  hot. 

Q,       Why  do  persons  use  paper  or  woollen 

KETTLE-HOLD  nRS? 

A.  Because  paper  and  woollen  are 
hoVci  very  had  conductors  of  heat ;  incon- 
sequence of  which,  the  heat  of  tlie  kettle 
does  not  readily  pass  through  them  to  the 
hand. 

Q.  Dues  the  heat  <f  ike  boiling  kettle  heveb 
get  through  Ike  woollen  or  paper  kdtk-holder  ? 

A.  Yes  ;  but  though  the  kettle-holder 
became  as  hot  as  the  kettle  itself,  it 
would  never  fed  so  hot. 

Q.  Why  would  not  tlie  keitle-holder  feel  so  hoi 
as  the  kettle,  when  both  are  of  the  same  tempeTaluref 

A,  Because  it  is  a  very  bad  conduct- 
or, and  disposes  of  its  heat  too  slowly  to 
be.  perceptible ;  but  metal  (being  an  ex- 
cellent  conductor)  disposes  of  its  heat  so 
quickly,  that  die  sudden  influx  is  painful. 

Q.       Why  docs  HOT  METAL  PEEL  MORE  Intensely 

A.     Because  metal  gives  out  a  niuch 
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^■eater  fjuantltij  of  heat  in  the  same  space 
of  time;  and  ihe  injlux  o?  heat  is,  con- 
sequently, more  percqH'thls. 

y.  Why  dms  money  in  our  poekel  fid  very 
HOT  -whsn  we  stand  before  a  tike  ? 

A.  Because  metal  is  an  excellent  con- 
ductor, and  becomes  rapidly  heated. 
For  the  same  reason,  it  becomes  rapidlij 
cold,  whenever  it  comes  in  contact  with 
a  body  colder  tlian  itself. 

Q.       Why  docs  a,  pump-handle  fed  iniensely 

A.  Because  it  is  an  excellent  conduct- 
or, and  draws  off  the  heat  of  our  hand 
so  rapidly,  that  the  sudden  loss  produces 
a  sensation  of  intense  coldness. 

Q.  Is  the  iron  handle  of  the  •pump  really 
COLDER  than  the  wooden  pump  itself? 

A.  No;  every  inanimate  substance 
(exposed  to  the  same  temperature)  pos- 
sesses in  reality  the  same  degree  of  heat. 

Q.  Why  does  ike  jeon  handle  seem  so  mdch 
COLDER  than  the  wooden  pump  ? 

A.  Merely  because  the  iron  is  a  bet- 
ter conductor  ;  and,  therefore,  draws  'off 
the  heat  from  our  hand  more  rapidly 
than  wood  does. 

Q.  Why  does  a  stoke  or  marble  hearth  feel 
to  Ihefeel  colder  than  a,  carpet  or  hearth-rug  J 

A.    Because  stone  and  marble  areg'ood 
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conductors ;     but    woollen   carpets    and 
hearth-rugs  are  very  had  conductors. 
Q.      How  docs  the  stone  hearth   make  our 

FEET    JOLD? 

A.  As  soon  as  the  hearth-stone  has 
absorbed  a  portion  of  heat  from  our  foot, 
it  instantly  disposes  of  it,  and  calls  for  a 
fresh  supply  ;  till  the  hearth-stone  has  be- 
come of  the  same  tcmpcralwe  as  tliefoot 
placed  u]X)n  it. 

Q.  JDo  not  also  the  -woollen  carpet  and  hearth- 
KUG  co7id>iel  heat  from  titt  human  body  ? 

A.  Yes  ;  but  being-  very  bad  conduct- 
ors, they  convey  the  heat  away  so  sloio- 
ly,  that  the  loss  is  scarcely  perceptible. 

Q.      Is  the  COLD  HEARTH-STONE  in  rcoltly  if 

the  SAME  TEMPERATURE  flS  the  WARM  CARPET? 

A.  Yes ;  eveiy  thing-  in  the  room  is 
really  of  one  temperature ;  but  some 
things  feel  colder  tliaa  others,  because 
they  are  better  conductors. 

Q.  How  LONG  tciU  the  hearthstone  feel  cold  to 
iliefeel  resting  on.  it  ? 

A.  Till  the  feet  and  the  fiearth-stone 
are  both  of  (he  same  temperature;  and 
then  the  sensation  of  cold  in  the  hearth- 
stone vail  go  off 

Q,  Why  would  not  the  hearth-stone  feel 
f:oLD,  xrhm  it  is  of  the  same  lemperalure  at  oar 

FEET^ 


b.  Google 
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A.  Because  the  beat  would  no  long- 
er rush  out  of  our  feet  into  the  kearth- 
slone,  in  order  to  produce  equilibrium. 

Q.  Whydoci  the  hearth-stone  {when  thifin 
is  lighted) fid  hotter  than  the  hearth-rug? 

A.  Because  the  bearth-stone  is  an 
excelknt  conductor^  and  parts  with  its 
heat  varij  readily  ;  but  the  woollen  hearth- 
rug- (beinsf  a  had.  conductor)  parts  with 
its  heat  very  reluctantly. 

Q.  Why    docs    PARTfSG    with     HEAT     KAPLDLX 

make  the  iiEARTK-STOSE/ee/  warm? 

A.  Because  the  rapid  influx  of  heal 
raises  the  temperature  of  our  body  so  sud- 
denly, that  we  cannot  help  perceiving  tkv. 
increase. 

Q.  JMiy  does  the  non-conduciing  potoeT  of  the. 
KSAT.TB-s.uG-  prevent  its  faling  so  hot  as  it  really  is  f 

A.  Because  it  parts  with  its  heat  so 
slowly  and  gi-adually,  that  we  scarcely 
pei'ceiva  its  transmission  into  our  feet. 

Q.  When,  we  plunge  oar  hands  into  a,  hasin 
of  WATER  joAy  does  it  produce  a  sensation  of  cold  I 

A.  Because  water  is  a  better  conduct- 
or than  air;  and,  as  it  draws  ofT  the 
heat  from  our  hands  more  rapidly,  it  feels 
colder, 

Q.  Wky  does  the  conducting  power  of  water 
make  ii  feel  colder  Ihaii  air? 

A.     Because  it  abstracts  heat  f ran  out 
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fiands  so  rapidly,  that  we  fed  its  loss ; 

but  the  air  abstracts  heat  so  very  slowly, 

that  its  gradual  loss  is  hai'dly  perceptible. 

Q.      If  tsater  a  good  co^'ductok.  of  heat  ? 

A.  No ;  no  liquid  is  a  good  conductor 
of  heat ;  but  yet  water  is  a  mucli  better 
conductor  than  air. 

Q.  TFity  S3  WATEa    a    CETTER.    CO?JDUCTOK    of 

heat  than  air  ? 

A.  Because  it  is  less  subtile  ;  and  the 
conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness 
ofiisjjartldes. 

Q.  How  do  you  knme  that  wateh  is  not  a 
GOOD  cosDucroB  of  heal  t 

A.  Because  it  may  be  made  to  hoil  ai 
its  surface,  without  imparting-  sufficient 
heat  to  r}ieU  ice  a  quarter  of  ait  inch  below 
ifie  surface. 

Q.       IVhy  are  not  liquids  good  conductoes 

A.  Because  the  heat  (which  should 
be  transmitted)  produces  evaporation,  and 
Jlies  off  in  the  vapor. 

Q.  Whp  does  a  poker  {resting  on  a  fender) 
feel  COLDER  than  the  hearth-rug,  which  is  farther 
off  the  fire  ? 

A.  Because  the  poker  is  an  excdlerd 
conductor,  and  draws  heat  from  the  hand 
much    ^mra  rapidly   than  the   woollen 
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hearth-rug,  which  is  a  very  bad  conductor: 
though  both,  therefore,  are  equally  imrm, 
the  poker  seems  to  be  the  colder.  (Bee 
also  p.  173.) 

Q.  Why  are  hot  bricks  (wrapped  in  cldh) 
emfloyedin  cold  vteaiJicT  to  keep  the  feet  warm  ? 

A.  Because  bricks  are  bad  conductors 
of  heat,  and  cloth  or  flannel  still  toorse : 
in  consequence  of  which,  a  hot  brick 
(wrapped  in  flannel)  will  retain  ks  heat 
a  very  hug  time. 

Q,       Why  is  a  tin  pan  {Jilkd  with  hot  water) 


A.  Because  polished  tin  (being  a  bad 
radiator  of  heat)  keeps  hot  a  very  long 
time  ;  and  warms  the  feet  resting  upon  it. 

Q.  What  is  mea.nl  by  being  a  ''bad  radiator 
of  heal  ?" 

A.  To  radiate  heat  is  to  throw  off 
/leat  by  rays,  as  the  sun ;  a  polished  tin 
pan  does  tiot  throw  off  tite  heat  of  boiling 
water  from  its  surface,  but  keeps  U  in. 

\re.i  with 


A.  1st— That  the  poUsh  of  the  tin 
may  not  be  injured  : 

2dly — Because  the  flannel  (being  a 
very  bad  conductor)  helps  to  keep  the  tin 
hot  longer :  and 

H..„..,  Google 
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3dly— Lest  the  conducting'  surface  of 
the  tin  should  feel  pa'mf ally  hot. 

Q,  What  disadvantage  loonld  it  be,  if  the  roL- 
:sH  of  the  tin  lecrt  injared  ? 

A.  If  the  tin  foot-warmer  were  to 
lose  Us  p'jlish,  it  would  get  cold  in  a  mudi 

shorter  time. 

Q.  Wliy  would  the  tin,  foot-warmer  get  cold 
500NBR,  ifllw.  roLiaa  were  injured? 

A.  Because  polished  tin  throws  off  its 
heat  very  slowly;  but  dull,  scratched, 
painted,  or  dirty  tin,  throws  off  its  heat 
very  quickly. 

Q.  Why  are  furjjjices  and  stoves  {where 
much  HEAT  is  required)  built  of  porous  BriiCK  ? 

A.  Because  bricks  are  bad  con- 
ductors, and  prevent  ike  escape  of  heat; 
in  consequence  of  which,  tliey  are  em- 
ployed wliere  great  heat  is  required. 

Q,  Why  are  furnace  doors,  tj-c,  frequently 
COVERED  mih  a  paste  of  clay  and  sand? 

A.  Because  tliis  paste  is  a  very  bad 
conductor  of  heat;  and,  therefore,  pre- 
vents the  escape  of  heat  from  the  furnace. 

Q.  If  a  stove  be  placed  in  the  middle  of  a  room 
should  it  be  marie  of  bricks  or  iron  ? 

A.  A  Stove  in  the  middle  of  a  room 
should  be  made  of  iron ;  because  iron 
is  an  excellent  conductm;  and  rapidly 
communicates  heat  to  (he  air  around. 
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Q.  Why  does  the  Bible  say,  that  God  '•' givdh 
BNOW  li/x  WOOL?" 

A.  Because  snoio  (being  a  venj  bad 
conductor  of  Iieat)  protects  vegetables 
and  seeds  from  the  frost  and  coid. 

Q.  Hote  does  the  Tton-conducimg  power  of  sttow 
Protect  vegetables /rom  the  frost  and  cold? 

A.  It  prevents  the  hsai  of  the  earth 
from  being  drawn  off  by  the  cold  ali 
which  rests  upon  it. 

Q.  Why  are  woollems  and  tubs  used  for 
CLO'iHixG  in  COLD  weather  ? 

A.  Because  they  are  v&ry  had  con- 
ductors of  heat;  and,  therefore,  prevent 
the  warmth  oft/ic  body  from  bcbig  draion 
offhy  the  cold  air. 

Q.  Do  not  woollens  and  furs  actually  iMpAaT 
aeal  to  the  body  ? 

A.  No ;  they  merely  prevent  the  heat 
of  the  body  from  escaping. 

Q.  Where  would  the  heat  escape  to,  if  the 
body  were  not  wrapped  in  wool  or  fur  1 

A.  The  heat  of  the  body  would  fiy 
o^into  the  air;  for  the  cold  air  (coming 
in  contact  with  our  body)  would  gradu- 
ally draw  away  its  heat,  till  it  was  as 
cold  as  the  air  itself. 

Q.  What  then  is  the  pkincipal  uae  of  (-:.oth- 
IKG  in.  wiMer-lime  ? 

A.  1st — To  prevent  the  animal  Ueai 
from  escaping  too  freely  ;  and 

.oogic 
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2dly— To  protect  the  body  from  the 
external  air  (or  wind),  which  would 
carry  away  its  heat  too  rapidly. 

Q,  Why  are  beasts  covered  witk  fuk,  hair 
or  WOOL  1 

A.  Because  fur,  hair  and  wool,  are 
very  shxo  conductors  of  heat ;  and  (as 
dumb  animals  cannot  be  clad,  like  human 
being-s)  God  has  g'iven  them  a  robe  of 
hair  or  wool,  to  keep  them  warm. 

Q.       Why  are  birds   covered  with   down  or 

FEATHEHS  ? 

A.  Because  down  and  feathers  are 
venj  bad  conductors  of  heat;  and  (as 
birds  cannot  be  clad,  like  human  beings) 
Gtod  has  given  them  a  robe  of  feathers, 
to  keep  them  icarm. 

Q.  WAy  are  wool,  fur,  hair,  and  feathers, 
such  SLOW  coNDucroRs  of  heat  / 

A.  Because  a  great  quantity  of  air 
hirks  entangled  between  the  fibres;  and 
air  is  a  very  bad  conductor  of  iieat. 

The  warmest  clothing  is  that  which  fits  tho  body  yery 
'.oasclri  in  every  iwvt  escopt  at  tho  extremiHes:  Bocauso 
more  hot  oir  will  he  confined  by  a  loose  garment  than  by 
one  which  fits  the  body  tighUaj. 

Q.  Jf  AIR  Se  d  BAD  CONDUCTOR  of  heat,  whp 
ihmild  we  not  feel  as  warm  without  clothing,  04 

A,  Because  the  air  (which  is  cooler 
tlian  our  body)  is  never  at  rest;    and 
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every  fresh  particle  of  air  draws  off  a 
fresh  portion  of  heat. 

Q.  How  does  the  ceaseless  change  ef  air  lend 
to  DECREASE  the  WARMTH  of  a  naked  body? 

A.  Thus:- — ^the  air  (which  cases  the 
body)  ahsorbs  as  much  heat  fi'om  it  as 
it  can,  while  it  remains  in  contact ;  being 
tlien  blown  away,  it  makes  room  for  a 
fresh  coat  of  air,  which  absoibs  more  heat. 

Q,  Does  the  aie  which  encases  a  naked  body 
become  (by  coiitaci)  as  warm  as  the  body  itself? 

A.  It  would  do  SO,  if  it  remained 
tnotionlsss  ;  but,  as  it  remains  oii)y  a  very 
short  time,  it  absorbs  as  much  heat  as  it 
can  in  the  time,  and  passes  on. 

THEiL  than  in  a  calm  day  ? 

A.  Because  the  particles  of  air  pass 
over  us  more  rapidly;  and  every  fresh 
particle  takes  from  us  sojne  portion  of 
heat. 

Q.      Show  the  wisdom  of  God  in  making  the 

Am  a  BAD  CONUUCTOK. 

A.  If  air  were  a  good  conductor  (like 
iron  and  stone)  heat  would  be  drawn  so 
rapidly  from  our  body,  that  we  should  be 
chilled,  to  death.  Similar  evils  would  be 
felt  also  by  all  the  animal  and  vegetable 
world, 

Q.      Does  not  the  bad  conducting  power  of  ail 
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enabk  persons  to  judge  whether  an  kgo  b'.  new  o* 

GTALE  t 

A.  Yes ;  touch  the  larg^er  end  of  the 
shell  with  your  tongTie  ;  idlfcek  inarm, 
the  egg  is  stale  ;  if  not,  it  is  new-laid. 

Q.  Wh/  wiU  the  shell  of  a  stale  egg  feel 
WAEM  io  the  iongue? 

A.  Because  the  thick  end  of  an  eg'g 
contains  a  small  quantity  of  air  (between 
the  shell  and  the  white)  ;  when  the  egg 
is  stale  the  white  shrinks,  and  the  con- 
fined air  accordingly  expands. 

Q,  Whf  does  the  expansion  of  air  {at  the  end 
of  an  egg)  make  it  fed  warm  Io  the  tongue  ? 

A.  Because  air  is  a  very  bad  conduct- 
or, and  the  more  air  an  eg^  contains, 
the  less  heai  wiU  be  drawn  from  tlie  tongue 
when  it  touches  the  shell. 

Q.  Why  will  a  new-laid  egg  feel  colder  to 
Ihe  tongue  al  the  thick  end  than  a  stale  one  ? 

A.  Because  it  contains  more  white 
and  less  air  ;  and  as  ihe  white  of  an  egg 
is  a  belter  conductor  than  air,  the  heat 
of  the  tongue  will  be  drawn  o^nwre  ro- 
undly, and  the  e^g  feel  colder. 

Q,  Why  does  fanninq  the  face  in  summer 
make  it  coat.'! 

A.  Because  the  fan  puts  the  ait-  in 
motion,  and  makes  it  pass  more  rapidly 
over  the  face  ;  and  (as  the  temperature  of 


loH  COMMDNICATION    OP   HEAT. 

ihe  air  is  ahoays  loicej' than  tiiat  of  the 
human  Jace)  each  puff  of  aif  carries  off" 
some  portion  of  its  heat. 

Q,      Does  PANNING  make  the  atr  itself  cooler  1 

A.  No  j  fanning  makes  the  air  hotter 
ami  hotter. 

Q.  IIoiB  does  FANNING  the  face  increase  the 
HEAT  of  Ike  air? 

A,  By  driving-  the  air  more  rapidly 
over  the  human  body,  and  causing-  it, 
consequently,  to  absorb  more  Jieat. 

Q.  ^fanning  makes  the  air  hotter,  why  can 
it  make  a  person /eei  cooler  ? 

A.  Because  it  takes  the  heat  out  of 
ike  face,  and  gives  it  to  the  air. 

A.  Because  the  breath  causes  a  rap- 
id change  of  air  to  pass  over  the  broth; 
and  (as  the  air  is  colder  than  tlie  broth) 
it  continually  absorbs  heat  from  it,  and 
makes  it  cooler  and  cooler. 

Q,  Would  not  tUe  air  absorb  heat  from  the 
broth  just  as  well  without  blowing? 

A.  No  ;  air  is  a  very  bad  conductor ; 
unless,  therefore,  tlie  change  be  rapid,,  the 
air  nearest  the  surface  of  the  broth  tmidd 
soon  become  as  hot  as  the  broth  itself. 

Q.  Would  not  hot  air  part  -with  its  heat  in- 
itantly  to  the  circumjacent  air  ? 

A.    No ;  not  instantly.    Air  is  so  bad 
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a  conductor,  that  it  parts  with  its  heat 
very  sloicli/ :  unless,  therefore,  the  air  be 
kept  in  continual  motioii,  it  would  cool 
the  brotli  vPiy  slowly  indeed. 

Q.       Why  doei  wind  generally  fed  cool  ? 

A.  Because  it  drives  tlie  air  more 
rapidly  over  our  body ;  and  this  rapid 
change  of  air  draws  off  a  larg'e  quantity 
of  heat. 

Q.  niiy  does  air  aksokb  heat  more  quickly 
by  being  sel  iu  motion  ? 

A,  Because  every  fresli  g"ust  of  air 
absorbs  a  fresh  2iortio)i  of  heat ;  and  the 
more  rapid  the  succession  of  giists^  the 
greater  will  be  the  quantily  of  heat  ab- 
sorbed. 

Q.  Jf  the  AIR  were  hotter  than  our  body 
would  Ike  wmufeel  cool? 

A.  No  ;  the  air  would  feel  insuffera- 
bly hot,  if  it  were  /totter  than  our  body. 

Q.  Why  iBould  the  air  feel  intensely  hot,  jf 
ji  were  warmer  than  our  bEidy  ? 

A,  Because  it  would  add  to  the  heat 
of  our  body,  instead  oi  diniinisliing  it, 

Q.      Is  the  AIR  EVER   as   noT  as  the  human 

BODY? 

A.  Not  in  this  coimtry:  in  the  hot- 
test summer's  day,  the  air  is  at  least  10 
or  12  degrees  cooler  than  the  human  body. 

Q,      /s  the  EARTH  a  good  conductor  of  heat  f 
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A.  No  ;  the  earth  is  a  very  bad  con- 
ductor of  iieat. 

Q.        Why  IS  tke  EARTH  a  BID  conductor  of  heat ! 

A,  Because  its  particles  are  not  am- 
tinuous :  and  the  power  of  conducting 
heat  depends  upon  the  continuity  of 
mailer. 


Q,  IVhy  is  ihe  earth  (below  the  surface) 
WARMER  in  \\'iNTER  tkan  the  surface  itself? 

A.  Because  the  earth  is  a  bad  con- 
ductor of  heat;  and,  therefore,  (althoug-h 
the  ground  be  frozen,)  the  frost  never 
penetrates  more  than  a  few  indies  below 
ihe  surface. 

Q.  Why  is  the  earth  (below  tht  sdrpace) 
COOLER  i%  SUMMER  tkav.  the  surfdcc  ilsdf? 

A.  Because  the  earth  is  a  bad  con- 
ductor of  heat ;  and,  therefore,  (althoug-h 
the  surface  be  scorclied  with  the  burning" 
sun,)  the  intense  heat  cannot  penetrate 
to  the  roots  of  the  plants  and  trees. 

Q,      Show  the  WISDOM  of  God  in  making  ihe 

EARTH  a  BAD  CONDUCTOR? 

A,  If  the  heat  and  cold  coidd  pene- 
trate tlie  earth  (as  freely  as  the  heat  of 
a  fire  penetrates  iron),  the  springs 
would  be  dried  up  in  summer,  and  fro- 
zen in  winter;  and  all  vegetation  would 
perish, 

Ht,itt.b.Goog[c 
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Wki/  is  WATER  from   a   SParac  alwayi 


A.  Because  the  earth  is  so  had  a  crni- 
duclor,  that  the  burning  rays  of  the  sun 
can  penetrate  only  a  few  inches  below 
the  surface  ;  in  consequence  of  which, 
the  springs  of  imler  are  not  affhclcd  by 
the  heal  of  summer. 

Q.  Why  is  it  COOL  u?ide.r  a  shaby  tree  in  a 
hot  summer's  day  ? 

A.  1st — Because  the  overhangin^-fo- 
liag^e  screens  off  the  rays  of  the  sun  : 

2dly — As  the  rays  of  the  sun  are  ward- 
ed off,  ihe  air  (beneath  the  tree)  is  not 
heated  by  t!ie  rejkction  of  ihe  earth :  and 

3dly— The  leaves  of  the  trees,  being- 
non-conductoj-s,  allow  no  heat  to  pene- 
trate them. 

Q.       Why  do  Ike  Ijaplandees  wear  skins  wiVA 

{he  FdR  INWAKBSV 

A.  Because  the  dry  skin  prevents  the 
icind  from  penetrating  to  their  body ; 
and  the  air  (between  the  hairs  of  the  fur) 
soon  becomes  heated  by  the  body :  in 
consequence  of  which,  the  Laplander  in 
his  fur  is  clad  in  a  case  ofliot  air,  imper- 
vious to  the  Cold  and  ivind. 

Q,       Why  does  a  lineh  shirt  feel  colder  Ihan 

a  COTTON  ONE? 

A.     Because   linen  is  a  much  better 


condudor  than  cotton ;  and,  therefore, 
(as  soon  as  it  touches  the  body)  it  draws 
away  the  heat  inore  rapidly,  and  pro- 
duces a  greater  sensation  oC  cold. 

Q.  Why  is  the  face  cooled  by  wiping  Ihe 
temples  wilh  afiiie  cambkic  handkerchief? 

A.  Because  the  fine  fibres  of  the 
cambric  have  a  strong  capillary  attraction 
for  moisture,  and  are  excellent  conductors 
of  heat;  in  consequence  of  which,  the 
moisture  and  heat  are  abstracted  from 
tlieface  by  the  cambric,  and  a  sensation 
of  coolness  produced. 

"  Capiilary  attraction,"  i.  e.,  t^  atiToclioii,  of  a,  lArcad  m 


the  melted  tallow  tods  up  the  cotton  ftom  capillary  at 
traction. 

Q.  'tFS.y  would  not  a  cotton  handkerchief  do 
aswdl? 

A.  Because  the  coarse  fibres  of  cot- 
ton liave  very  htlle  capillary  attraction, 
and  are  vsnj  bad  conductors;  in  conse- 
quence of  which,  the  heat  of  the  face 
would  be  increased  (rather  than  dimin- 
ished) by  the  use  of  a  cotton  liandker- 
chief. 
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CHAPTER    XVI. 
2. — Absorption  of  Heat. 

Q.  What  is  the  difference  between  conductinq 
heat,  aiid  absorbing  heat  ? 

A.  To  conduct  heat  is  to  transmit  it 
from  one  body  to  another  through  a  con- 
ducting  medium.  To  absorb  lieat  is  to 
suck  it  up,  as  a  sponge  sucks  up  water. 

Q.       Give  me  an  example. 

A.  Black  cloth  absorbs,  but  does  not 
conduct  heat ;  thus,  if  black  cloth  be  laid 
in  the  sun,  it  will  absorb  the  rays  very 
rapidly  ;  but  if  one  end  of  the  black  cloth 
be  made  hot,  it  would  not  conduct  tJie 
heat  to  the  other  end. 

Q.      Are  good  conductors  of  heal   good  ab- 


A.  No ;  every  good  conductor  of  heat 
is  a  bad  absorber  of  it ;  and  no  good  ab- 
sorber of  heat  can  be  a  good  conductor 
also. 

Q.      Is  IRON  a  good  ABSORBER  of  keat? 

A.  No  ;  iron  is  a  goad  conductor,  but 
a  very  bad  absorber  of  heat. 

Q.  W/iy  do  the  piRE-iRoss  (which  h-.  -j-pon  a 
fender)  remain  cold,  although  they  are  i'fore  a 
good  fire  ? 

A.     Because  they  are  bad  absorbers  of 
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heat;  in  consequence  of  whiclx,  they 
remain  cold,  unless  ihey  come  iti  contact 
with  the  stove  or  fire. 

Q.  WAy  are  the  fire-trons  intinsely  hot, 
when  ihey  rest  against  ihe  stove  which  contain) 
a  good  fire  ? 

A.  Because  they  are  excellent  conduct- 
ors of  heat,  and  draw  it  rapidly  from  the 
stove  with  which  tliey  are  in  contact. 

Q.  Why  docs  a  kettle  boU  faster,  iclien  the 
bottom,  and  back  are  covered  with  soot  1 

A.  Because  the  black  soot  absorbs 
fieat  very  quickly  from  the  fire,  and  the 
metal  conducts  it  to  the  water. 

Q.       TTAy  will  not  a  new  kettle  boil  so  fast 

A.  Because  the  bottom  and  sides  of  a 
new  kettle  are  clean  and  bright:  but  in 
an  old  kettle  they  are  covered  with  soot. 

Q.  WhywiUa  kettle  be  blower  boiling  if 
the  BOTTOM  and  back  are  clean  and  bright .' 

A.  Because  bright  metal  does  not  ab- 
sorb heat,  but  rejiects  it ;  and  (as  the 
heat  is  thrown  off  from  the  surface  of 
bright  metal  by  reflection)  therefore,  a 
new  kettle  takes  a  longer  lime  to  boil, 

Reflecis  heat,  i.  e.,  throws  it  off. 
Q.       Why  do  we  wear  white   lines  aiuL  a 
CLACK  oilier  dress,  if  we  want  to  be  warm  ? 

A.     Because    the     black    outer  dress 


L75 

quickly  absorbs  Jmat  from  the  sun  ;  and 
the  ichite  linen  (being  a  bad  absorbent) 
abstracts  no  heat  from  the  warm  body. 

Q.  WTii/  do  persoTis  wear  white  dresses  in 
stiMMBu  lime? 

A.  Because  white  throws  off  the  heat 
of  the  sun  by  rejiedion,  and  is  a  very  bad 
absorbent  of  heat;  in  consequence  of 
which,  white  dresses  never  become  so 
hoi  from,  the  scorching  sun  as  dark  co- 
lors do. 

Q,       Why  do  NOT  persons  weah  white  dresses 

A.  Because  tpJiite  wilt  not  absorb  heat, 
like  black  and  other  dark  colors;  and, 
therefore,  white  dresses  are  not  so  tDartn 
as  dark  ones. 

Q.       JVhat  COLORS  are  warmest /o/  dresses? 

A.  Por  outside  garments  black  is  the 
warmest,  and  then  such  colors  as  ap- 
proach nearest  to  black,  (as  dark  bine 
and  green,)  While  is  uw  coldest  color 
for  external  clothing-. 

Q.       Why  are  dark  colors  (/or  external  wear) 

iO  muck  WAILMER  than   LIGHT  ONES? 

A.  Because  dark  colors  absorb  lieat 
from  the  sun  more  abundantly  than  ligH 
ones. 

Q,      IIov>  can  you  prove  thai  dark  colors  art 
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A.  If  a  piece  of  black  and  a  piece  of 
vMte  cloth  were  laid  upon  snow,  in  a 
few  hours  the  black  clotk  wUl  have  melted 
Vie  snow  beneath;  whereas,  the  icldte 
cloth  will  have  produced  lilile  ovno  effect 
upon  it  at  all. 

N,  B.  The  darker  any  color  is,  the  learmsr  it  is,  1j&- 
saiisc  it  is  a  better  absorbent  of  lieat.  The  order  may  be 
thus  arranged: — 1.— Blacli  (^ra^^^03t  of  all) — 2.  Violet. — 
3,  Indigo. — i.  Blue.— 5.  Greeo.— 6.  Red. — 7.  Yellow:  and 
6.  White  (coldest  of  all). 

Q.  Why  are  black  kid  cloves  unpleasantly 
HOT  for  summer  wear  ? 

A.  1st— Because  bladn.  absorbs  tlie 
solar  lieat;  and 

2dly — Kid  will  not  allow  the  heat  of 
our  hand  to  escape  through  the  glaoa. 

Q.  Why  are  Lisle  thread  cloves  agreeably 
cooi.  for  summer  wear  ? 

A.  1st — Because  thread  absorbs  -par- 
spiraiion :   and 

2dly — It  conducts  away  the  heal  of  our 
hot  hands. 

Q,  Are  Lisle  thread  gloves  absorbents  of 
heat  ? 

A.  No;  Lisle  thread  gloves  are  gen- 
erally of  a  grey  or  lilac  color  ;  and,  there- 
fore, do  not  absorb  solar  heat. 

Q.       Why  u  a  tlate-warmei:  made  of  un- 

PAINTED  BRIGHT  TIN  1 

A.     Because  bright  tin  reflects  the  lieiU 
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(which  issues  from  the  fire  in  rays)  upon 
the  meat ;  and,  therefore,  greatly  assists 
(he  process  of  roasting-. 

Reflects  (be  lieat,  I.  e.,  throws  it  haclc  upon  the  meat. 

Q,  Why  would  not  the  tin  reflector  do  as 
ladl,  if  it  were  painted? 

A.  Because  it  would  then  absorb  beat, 
and  not  reflect  it  at  all.  A  plale-warmer 
should  never  be  painted,  but  should  be 
kept  tKry  clean,  brlglu,  and  free  from  all 
scratches. 

Q.  Wiy  shimld  a  reflector  be  kept  so  -very 
CLEAN  6,vd  free  from,  all  bcratches  ? 

A.  Because  if  a  reflector  were  spotted, 
(lull,  or  scratched,  it  would  absorb  heat, 
instead  airefectwg  it ;  and,  consequently, 
would  be  of  no  use  whatsoever  as  a 
rc/lcctor. 

Q.  Wky  does  hoar  frost  remain  on  tomb- 
STO.NES  lo/ig  after  it  has  melted  from  the  gkass  and 
gravel- WALKS  of  a  chuTch-yard? 

A.  Because  tomb-stones  (being:  lohite) 
will  not  absorb  heat,  like  the  darker  g"rass 
and  g:ravel ;  in  consequence  of  which, 
tliey  remain  too  cold  to  thaw  the  frost 
congealed  upon  their  surface. 

Q,  If  black  absorbs  heal,  why  have  those  iBho 
live  in  HOT  climates  ulack  skins,  and  not  whitb 
fkins,  which  would  not  absorb  heat  at  all? 

A,     Because  black  will  not  blister  from 


178  COMMUNICATION   OP    HEAT. 

the  heat  of  the  sun.  Althoug-h,  therefore, 
the  black  skin  of  the  neg^ro  absorbs  Jieat 
more  plentifully  than  the  white  skin  of  a 
European;  yet  the  blackness  prevents  the 
sun  from  Mistering  or  scorching  it. 

Q.  How  is  it  known  that  the  black  color  pre- 
vents the  sun  from  either  blisterinq  or  soorchino 
the  skill  ? 

A,  If  you  put  a  white  glove  on  one 
hand,  and  a  black  glove  on  the  other 
(when  the  sun  is  burning  hot),  the  hand 
with  the  white  glove  will  be  scorched,  but 
not  tlie  other. 

Q.      Which  hand  will  feel  the  hotter  ? 

A.  The  hand  with  the  bladi  glove 
wiW  feel  ihethotter,  but  will  not  be  scorcli- 
ed  by  the  sun ;  whereas,  the  hand  with 
the  lohite  glove  (thoug'h  much  cooler)  will 
be  severely  scormed. 

Q,       Why  does  the  black  skin  of  a  neoro  nb- 

A.  Because  the  black  color  absorbs 
the  heat—conveys  it  below  the  surface  of 
the  skin — and  converts  it  to  sensible  heat 
and  perspiration. 

Q.  Why  does  the  white  European  skm 
BLISTER  aTid  SCORCH  wheu  exposed  to  the  hot  sun? 

A.  Because  ichite  will  not  absorb  heat ; 
and,  therefore,  the  hot  sun  rests  on  the 
surface  of  the  skin,  and  scorches  it. 
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Q.  Why  has  a  negro  black  eyes  1 
A.  Because  the  black  color  defends 
ihem  from  the  strong"  light  of  the  tropi- 
cal sun.  If  a  negi'o's  eyes  were  not 
black,  the  sun  would  scorch  them,  and 
every  negro  would  be  blind. 

Q,  Why  is  WATER  (in  hot  weaihef)  kept 
COOLER  in  a  bright  tin  pot  than  in  an  earthen 

A.  Because  bright  metal  will  not 
absorb  heat  from  the  hot  air,  like  an 
earthen  vessel ;  in  consequence  of  which, 
the  water  is  kept  cooler. 

Boiling  ivater  ia  also  kept  iot  in  bright  metal  better 
than  in  earthen  vessels.    See  p.  187- 


CHAPTER  XVII. 
3. — Reflection  op  Heat. 

Q.       What  is  meant  by  REPLECTtfJG  heat  ? 

A,  To  reflect  heat  is  to  throw  it  hack 
in  rays  from  the  surface  of  the  reflecting 
body  towards  the  place  whence  it  came. 

Q.       What  are  the  best  rbplectokb  of  heat  ? 

A,     All  bright  surfaces  and  light  co- 
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A.  No;  those  things  which  absorb 
heat  best,  reflect  heal  toorst ;  and  those 
which  rejlect  heat  wmst,  absorb  it  best. 

Q.  Why  are  those  things  which  absorb  heat 
unable  to  reflect  il  T 

A.  Because  if  anything:  sucks  in  lieat 
like  a  spong-e,  it  cannot  throio  it  off  from 
its  surface ;  and  if  anything  throws  off 
heat  from  its  surface,  it  cannot  di-ink  it  in. 

Q.  Why  are  keplectors  always  made  of 
LIGHT  coLOREQ  and  highly  polished  metal? 

A.  Because  liglit  colored  and  highly 
polished  metal  makes  the  best  of  all  re- 
flectors. 

Q.  Why  do  not  plate-warmers  blister  and 
scorch  the  wood  behind? 

A.  Because  the  bright  tin  front 
throws  the  heat  of  the  fire  back  again, 
and  will  not  allow  it  to  penetrate  to  the 
wood  behind. 

Q,  Ifmelal  be  such  an  excellent  conductok  of 
h^al,  how  can  U  reflect  heal,  or  throw  it  off? 

A.  Polished  metal  is  a  conductor  of 
lieat,  only  when  that  heat  is  communi- 
cated by  actual  contact:  But  whenever 
heat  falls  upon  bright  metal  in  rays,  it  is 
rcjlected  back  again,  and  the  metal  re- 
mains cool. 

Q.  What  is  meant  "  by  /leat  falling  upon  metal 
IN  RAYS,"  a?id  not  "  by  contact  ?" 

I  .i.t.,  Google 
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A.  If  a  piece  of  metal  were  thrust 
into  a  fire,  it  would  be  in  actual  contact 
tdtk  the.  fire  ;  but  if  it  were  held  bvfore  a 
fire,  the  heal  of  ttie  fire  would  fall  upon 
It  in  rays. 

Q.  Wh<U  is  the  use  of  the  tin  bceeen  or  re- 
flector used  in  roasting? 

A,  It  throws  the  heat  of  the  fire  back 
upon  tJie  meat ;  and,  therefore,  both  as- 
sists the  process  of  roasting,  and  helps  to 
keep  t'le  kitchen  cool. 

Q.  How  does  a  tin.  reflector  tsTid  to  laep  the 
KITCHEN  cool! 

A.  By  confining  the  Iieat  of  the  fire  to 
the  heart/t,  and  preventing  its  dispersion 
throuo;bout  the  kitchen. 

Q.       Why  are  shoes  hotter  _^r  being  dusty  ? 

A.  Because  dull,  dusty  shoes  will 
absorb  heat  from  the  sun,  earth,  and  air; 
but  shoes  briglilly  polished  throw  off 
the  heat  of  the  sun  by  reflection. 

Q.       Why  does  it  always  freeze  on  the  top  of 

a  MOUNTAIN? 

A.  1st — Because  the  air  on  a  moun- 
tain is  very  rarefied;  and  rarefied  air  re- 
tains more  heat  in  the  tateni  form  than 
(fenser  air  does:  and 

2dly — Air  is  heated  by  the  rcfiectkm  of 
the  earth,  and  not  by  solar  rays ;  therefore 
a  mountain-top  (which  is  deprived  of  this 
reflection)  remains  intensely  cjid. 
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CnAPTER    XVIII. 
4. — Radiation. 

Q.       1 1'Ttat  is  meant  hy  radiation  ? 

A.  Radiation  means  tht  emission  of 
rays:  thus  the  sun  radiates  both  lig-ht 
and  heat;  that  is,  it  emits  rays  of  light 
and  heat  in  all  directions. 

Q.  When  is  heat  radiated  _/rom  om  body  to 
another  f 

A.  When  the  two  bodies  are  separated 
by  a  non-conducting  medium. :  thus  the 
sun  radiates  heat  towards  the  earth,  be- 
cause the  air  (which  is  a  very  bad  con- 
ductor) (Ximes  between, 

Q,       On  WHAT  does  radiation  DEriniD? 

A.  On  the  roughness  of  the  radiating 
surface:  thus,  if  metal  be  scratched,  its 
radiating  power  is  increased ;  because 
the  heat  Ims  more  points  to  escape  from. 

Q.      Does  a.  fihe  radiate  heat  ? 

A.  Yes ;  and  because  burning  fud 
emits  rays  of  hp.at,  therefore  -vie  feel  warm 
when  we  stand  before  a  fire. 

Q.  Why  does  our  face  feel  vncomfortabl} 
HOT  wAere  ice  approor-h  a  fire  ? 

A.  Because  the  fire  radiates  heat 
upon  the  face ;  which  (not  being-  covered) 
feels  the  effect  immediately. 

I  ■•  ..Coogic 
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Q.  Wh^  dofs  ike  fire  catch,  the  face  mare  than 
U  does  the  best  (flhe  body  ? 

A.  Because  the  rest  of  the  body  is 
covered  with  clotliin?;  which  (being"  a 
bad  conductor  of  heat')  prevents  the  same 
sudden  and  rapid  transmission  of  heat  to 
the  skin. 

Q,  Do  tkoie  sabsianecs  lohich  radute  heat 
ABSORB  heat  also  ? 

A.  Yes.  Those  substances  which 
radiate  most,  also  absorb  'inost  licat ;  and 
those  which  radiate  least,  also  absorb  the 
least  heat. 

Q,  Does  anything  else  radiaie  heat  besides 
the  SUN  and  FfiLE  ? 

A.  Yes :  all  things  radiate  heat  in 
some  measure,  but  n-ot  equally  well. 

Q.  TVifAT  things  kadiate  heat  tlie  next  best 
to  the  sun  and  fixe? 

A.  All  didl  and  dark  substances  are 
good  radiators  of  heat ;  but  all  li^ht  and 
polislwd  substances  are  bad  radiators. 

Q,  Why  should  the  flues  {conneded  witk 
stoves,  <^c.,)  ieaJiBd.ysBLACKE.'JBT)  «>i(A  black  lead? 

A,  In  order  that  the  heat  of  the  flue 
may  be  more  readily  Ji^userf  throug-hout 
the  room.  Black  lead  radiates  heat  more 
freely  than  any  other  known  substance. 

In  heating'  a  room  with  sUam  it  would  be  absurd  to  usa 
hlack  pipes  for  conveying  the  afeam,  because  they  wonld 
tend  to  coal  the  hot  vapor. 
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Q,  Why  does  a  polished  metal  tea  pot  Kokt 
BETTER  TEA  tkait  ffl  tlock  earthen  one? 

A.  Because  polished  melal  n>eing'  a 
very  bad  radiator  of  heat)  keeps  the  icater 
hot  much  longer  ;  and  the  hotter  the  wa- 
ter is,  the  better  it  "  draws"  the  tea. 

Q,  Why  will  not  a  dull  black  tea-pot  make 
good  tea  ? 

A.  Because  the  heat  of  the  water 
files  off  so  (piickly  through  the  dull  black 
surface  of  the  tea-pot,  that  the  water  is 
very  rapidly  coaled,  and  cannot  "  draw  " 
the  tea. 

Q.  Do  not  pensioners  and  aged  cottagers  gene- 
rally ■prefer  the  little  black  eaiitimis  tea-pot  to  the 
bright  METAL  one? 

A.  Yes ;  because  they  set  it  on  tin 
hob  "toai  no;"  in  which  case,  the  little 
black  tea-pot  will  make  the  best  tea. 

Q.  Why  will  a  black  tea-pot  make  better  tea 
than  a  bright  wietal  one,  if  it  be  set  upon  the  HOij  to 

DHAW? 

A.  Because  the  black  lea-pot  will 
ahsoib  heat  plentifully  from  the  fire,  and 
keep  the  water  hot :  whereas,  a  bright 
metal  tea-pot  (set  upon  the  hob)  would 
throic  off  the  heat  by  refleetion. 


Q.       Then,  iomelimes  a  black  earthem  tea-pol 
i)  the  best,  and  sometimes  a  bright  metal  one? 

A.    Yes ;  when  a  tea-pot  is  set  on  the 
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hob  "to  draw"  black  earth  is  the  best, 
because  it  absorbs  heat :  But,  when  a 
tea-pot  is  not  set  on  tlie  hob,  bright  met- 
al is  the  best ;  because  it  radiates  heat 
very  slowly,  and  therefore  keeps  th/i  water 
hot. 

Q.  Why  does  a  saticepak  v>hich  has  been,  used 
hoil  m  a  shorter  time  than,  a  new  one  1 

A.  Because  the  bottom  and  back  are 
covered  ivkh  soot ;  and  black  soot  rapidly 
absorbs  tfw  heat  of  the  glowing  coals. 

Q,  W^y  should  ike  front  and  lid  of  a  sauce 
PAN  be  dean  and  brirht? 

A.  Because  they  cannot  ahsorb  heat, 
as  tiiey  do  not  come  in  contact  with  the 
fire;  and  (being  bright)  they  will  not 
suffer  the  heat  to  escape  by  radiation. 

Q.  In,  what  slate  should  a  saucepan  he  in  or- 
der that  il  may  boil  quickly? 

A.  All  those  parts  which  come  in 
contact  icith  the  fire,  should  be  covered 
with  soot,  in  order  to  absorb  heat ;  but 
all  the  rest  of  the  saucepan  should  be  as 
bright  as  possible,  to  prevent  the  escapf 
of  heat  by  radiation. 

Q.  Why  shovid  NOT  the  bottom  and  back  of 
a  kettle  be  cleaned  and  pulished  ? 

A.  Because,  tliey  come  in  contaU  wit^t 
thcjire,  and  (while  they  are  covered  with- 
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black  soot)  absorb  lieat  freely  from  the 
burning  coals. 

Q  Why  ihculd  the  front  ami  top  of  a  kettle 
be  CLEAN  and  well  polished  1 

A.  Because  polished  metal  will  not 
radiate  heat;  and,  therefore,  (while  the 
front  and  top  of  the  kettle  are  well  pol- 
ished) the  heat  is  kept  in,  and  not  suffered 
to  escape  by  radiation. 

Q,  WTiy  is  the  bottom  (f  a  kettle  nearly 
COLD  when  the  watek  is  boiling  hot  ! 

A.  Because  black  soot  is  a  very  bad 
conductor  of  Itcat ;  and,  therefore,  the  heat 
of  the  boiling  water  is  some  time  before 
it  gets  through  the  soot  which  adheres  to 
the  bottom  of  the  kettle. 

Q,  Why  is  the  lid  of  a  kettle  intensely  hot 
when  the  water  boils  T 

A.  Because  the  bright  metal  lid  is  an 
admirable  conductor ;  and,  therefore,  the 
heat  from  i/ie  boiling  icater  pours  into  our 
hand  the  moment  we  touch  it. 

Q,      Shm  the  hew^fil  of  smoke  in  cooking  1 
A.     The  carbon   of  the  fuel  (which 
flies  off  in  smoke)  naturally  blackens  all 
culinary  vessels  set  upon  the  fire  to  boij, 
and  thus  renders  them  fit  for  use. 

"CuUnarj-  vessels"  are  vessels  used  in  kitchens  for 
dioking,  as  saucepans,  boilers,  kettles,  fee,,  (from  the  La^n 
vord  "  Culina.,"  a  kUdieu^ 
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Q.  How  does  SMOKE  malce  culinary  vessels  fit 
for  (JSE  7 

A,  By  absorbing-  heal.  If  it  were 
not  for  the  srnoke  (wliich  gathers  round 
a  kettle  or  saucepan)  lieat  iwuld  not  he 
absm-bed,  and  the  processor  boiling  would 
be  greatly  retarded. 

Q,  Why  is  boiling  water  kept  hot  in  a 
BRIGHT  METAL  pot  better  than  in  an  ewrtken  vessel  f 

A.  Because  bright  metal  (being  a 
bad  radiaior)  will  not  throio  off  from  its 
surface  the  heat  of  the  boiling  water. 

Q.  Would  a  metal  pot  serve  to  keep  water  hot 
if  it  were  bull  and  dirty  "i 

A.  No,  It  is  the  blight  polish  of  the 
metal  which  makes  it  a  bad  radiaior :  if 
it  were  didl,  scratched,  or  dirty,  the  heat 
would  escape  very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  ic  bright  metal 
than  in  dull  or  earthen  vesaela.    Sua  p.  179. 

Q.       Why  are  dinnee-covers  made  of  bright 

TIN  or  SILVER  1 

A.  Because  light-colored  and  highly- 
polished  inetal  Is  a  very  bad  radiator  of 
heat;  and,  therefore,  bright  tin  or  silver 
will  not  allow  the  heat  of  the  cooked  food 
to  escape  through  the  cover  by  radiation. 

Q        Why  should  a  meat-cover  be  very  brightlf 

POLISHED  f 

A.    To  prevent  the  heat  of  the  food 
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from  escaping'  by  radiation.  If  a  meat- 
cover  be  dull  or  scratched,  it  will  absorb 
heat  from  tliefood  benea/Ji ;  and  (instead 
of  keeping  it  liot)  make  it  cold. 

Q.  Why  shotdd  a,  silver  meat-cover  i« 
PLAIN  and  not  chased  ? 

A.  Because  a  chased  meo  t-cover 
would  alisorb  heat  from  the  food ;  and 
(instead  oC  keeping  it  hot)  make  it  cold. 

Q.       What  is  nEwt 

A.  Dew  is  the  vapor  of  the  air  cortr 
densed  by  coming  in  contact  with  bodies 
colder  than  itself. 

Q.       Why  is  the  ground  sometimes  covered 

A.  Because  the  surface  of  the  earth 
(atsurj-set)  is  made  so  very  cold  by  radi- 
ation, that  the  warm  vapor  of  the  air  is 
chilled  by  contact,  and  condensed  into 
dew. 

Q.  WAt/  is  the  EARTH  made  colder  than  the 
AIR  after  t/ie  sun  has  set  ? 

A .  Because  the  earth  radiates  heat 
very  freely,  but  the  air  does  not ;  in  con- 
sequence of  which,  the  earth  is  often  5 
or  10  degrees  colder  than  the  air  (after 
sun-set);  although  it  was  much  tccu-mer 
than  the  air,  during  the  whole  day. 

Q.  Why  is  the  earth  wjrher  that  ilCe  ais 
duriiig  the  d-ty  ? 


DEW.  1B9 

A.  Because  the  earth  absorbs  solar 
Iieat  very  freely,  but  the  air  does  not;  in 
consequence  ofwhichjit  is  often  many  de- 
grees warmer  than  the  air,  during-  the  day. 

Q.  Why  is  the  surface  of  the  oround  colder 
in  a  PINE  dear  night  ihan  in  a  cloudy  one? 

A.  Because,  on  a  fine,  clear  star-lig-ht 
night,  heat  radiates  from  tlie  earth  freely, 
and  is  lost  in  open  space  :  but  on  a  diut 
night,  the  clouds  arrest  the  process  of  ra- 
diation. 

Q.       Wkj/  is  DEW  deposited  only  on  a  fine,  clear 

A.  Because  the  surface  of  the  ground 
radiates  heai  mast  freely  on  a  fine  night; 
and  (being  cooled  down  by  this  loss  of 
heat)  chiik  the  vapor  of  tJie  air  into  dew. 

Q.       Why  is  there  no  dew  on  a  dull,  cloddt 

NIGHT  1 

A.  Because  the  clouds  arrest  the 
radiation  of  Imatfrom  the'^arth ;  and  (as 
the  heat  cannot  freely  escape)  the  sur- 
face is  not  sufficiently  cooled  down  to 
chill  t!ie  vapor  of  the  air  into  dew. 

Q.       Why  is  a  cloddy  night  warmer  than  a 

A.  Because  the  clouds  prevent  the 
radiation  of  heat  from  tite  eartli ;  in  con- 
sequence of  which,  the  surface  of  the 
earth  remains  loarmer. 

I  .i.t.,  Google 
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Q.         Why  is  DEW  T. 

most  EXPOSED  t 

A.  Because  the  radiation  of  heat  is 
ru)t  arrested  by  houses,  trees,  hedges,  or 
any  other  thing;. 

Q.  Why  is  there  scarcely  any  dew  under  a 
shady  trer  ? 

A.  Isl — Because  tlie  shady  head  of 
a  tree  arrests  the  radiation  of  ficat  from 
the  earth :  and 

2dly — A  leafy  tree  radiates  some  of 
its  own  heat  totvards  the  earth  ;  iu  conse- 
quence of  wliich,  the  ground  underneath 
a  tree  is  not  sufficiently  cooled  down  to 
chill  the  vapor  of  the  air  into  dew. 

Q,  Why  is  there  never  much  new  al  the  fool 
of  wtLhs  and  hedges? 

A.  1st— Because  they  act  as  screens, 
to  airest  the  radiation  of  heat  from  the 
earth:  and 

2dly— The^  themselves  radiate  some, 
portion  of  heat  towards  the  earth ;  in 
consequence  of  which,  the  ground  at  the 
foot  of  walls  and  hedg"es  is  not  sufficiently 
coded  down,  to  chill  the  vapor  of  the  air 
into  dew. 

Q.  Why  is  there  little  or  no  dew  beneath  a 
FLOWER -AWNING,  although  that  ateniiig  be  open  on 
ill  four  sides  ? 

A.     1st— Because  the  awnin";  arrests 
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the  radiation  of  heat  from  the  ground 
beneath :  and 

2dly — It  radiates  some  of  its  own  heat 
downwards ;  in  consequence  of  which, 
the  ground  beneath  an  awning  is  not 
sufflciendy  cooled  down,  to  chill  the  va- 
por of  air  into  dew. 

Q.  How  can  a  thin  covering  of  bass  or  eum 
MVSLiN  protect  trees  from  frost  ? 

A.  Because  any  covering  prevents 
the  radiation  of  heat  from  the  tree ;  and 
if  trees  are  noi  cooled  down  by  radiation 
the  vapor  of  the  air  will  not  be  frozen,  as 
it  comes  in  contact  with  tliem. 

Bass  pronounce  bas — a  kind  of  matting  used  bj  garden- 

Q,  Why  is  the  bass  or  canvass  itself  [which 
covers  the  tree)  aiways  drenched  with  cnw  ? 

A.  Because  it  radiates  heat  both  up- 
wards and  dowmcards ;  in  Consequence 
of  which,  it  is  so  cooled  down  that  it  rea- 
dily diUls  the  vapor  of  the  air  into  dew. 

Q,  Why  does  snow  {at  the  foot  of  a  hedge  or 
wall)  fruit  sooner  than  thai  in  an  of  en  field  ? 

A.  Because  the  hedg-e  or  wall  radU 
ales  heat  into  tJie  snow  beneath,  which 
melts  it. 

Q.       Why  is  there  so  dew  ajhr  a  windt  nioht  ? 
A.     1st — Because  the  wind  evnporaies 
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tlie  moisture,  as  fast  as  it  is  i 
and 

2dly — It  disturbs  the  radiation  of  heat ; 
and  thus  diminishes  the  deposition  of 
dew. 

Q,  TVht/  are  valleys  and  hollows  ojien 
thickly  covered  with  dew,  cdthoiigh  they  are  sheltered  ? 

A.  Because  tlie  surrounding  hills 
prevent  the  repose  of  air  from  being'  dis- 
turbed; but  do  not  overhang  audi  screen 
the  valleys  suiEciently  to  airest  their  ra- 
diation. 

Q.       Why  does  tew  fall  more  abbndantlt  en 

SOME  THINGS  than  on  OTHJSES  1 

A.  Because  some  things  radiate  heat 
more  freely  than  others  ;  and,  tlierefore, 
become  much  cooler  in  tlie  night. 

Q.  Why  are  things  which  radiate  he*i 
MOST  FREELY  olways  the  most  thickly  covered 

A.  Because  the  vapor  of  the  air  ia 
chilled  into  dew,  the  moment  it  comes  in 
contact  with  them. 

Q.  Wh^vt  /ciTtd  of  things  kadiate  heat  most 
freely  ? 

A,  GrasR,  wood,  and  the  leaves  of 
plants,  radiite  heat  very  freely :  but  pol- 
ished met'-il,  smooth  stones,  and  woollen 
cloth,  part  with  their  heat  very  tardily. 

Q.      I/O  the  leaves  of  al'.  plants  radiate  heat 

EQUALLY    .VELL? 

I  .....Google 
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A,  No.  Rough,  woaliy  leaves  (like 
those  of  a  holly-hock)  radiate  heat  much 
nwre freely  than  the  hard,  smooth,  polished 
leaves  of  a  common  laurel. 

Q.  Show  the  WISDOM  of  God  in  making  grass, 
the  leaves  of  trees,  and  all  vegetables,  excellent 
RADIATORS  of  heat? 

A.  As  vegetables  ventre  muchmois- 
iurc,  and  would  often  perish  without  a 
plentiful  deposit  of  dew,  God  wisely 
made  them  to  raditite  heat  freely,  so  as  to 
chill  lite  vapor  (which,  touches  thera)m- 
to  dew. 

Q.  Will  polished  metal,  smooth  stoker,  and 
woollen,  CLOTH,  readily  collect  dew? 

A.  No.  While  g^rass  and  the  leaves 
of  plants  are  completely  drenched  idth  deio 
a  piece  of  polished  metal,  or  of  woollen  cloth 
(lying"  on  the  same  spot),  will  be  almost 
dry. 

Q.  Why  would  polished  metal  and  wool- 
len CLOTH  he  DRY,  whiU  gToss  and  leaves  are 
drenched  with  dew? 

A.  Because  the  polished  metal  and 
woollen  cloth  part  with  their  heat  so  slow- 
ly, that  the  vapor  of  the  air  is  not  chilled 
into  dew  as  it  passes  over  them. 


Q.       Why  is  a,  gravel  walk  almost  dry,  when 
a  grass  flat  is  covered  thick  -with  dew  ? 

A.     Because  f^rass  is  a  good  radiator 
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and  throws  ofFils  heat  very  freehj;  but 
gravel  is  a  very  bad  radiator,  and  parts 
with  its  heat  very  slowly. 

Q.  7s  that  the  reason  why  grass  is  saturated 
jsilh  DEW,  and  the  gravel  is  not  1 

A.  Yes.  When  the  vnpor  of  warm 
air  comes  in  contact  with  the  cold  grass, 
it  is  inslantly  chilled  into  dew;  but  it  is 
not  so  freely  condensed  as  it  passes  over 
gravel,  because  gravel  is  not  so  cold,  as 
the  grass. 

Q.  Why  does  dew  rarely  fall  ujion  lia/rd 
KocKS  and  barren  lands  ? 

A.  Because  rocks  and  barren  lands 
are  so  compact  and  hard,  that  they  can 
neither  absorb  nor  radiate  much  /leat; 
and  (as  their  temperature  varies  but  very 
iillle)  very  little  dew  distils  upon  them. 

Q.  Wky  does  dew  fall  more  ahv/ndatUly  on 
CULTIVATED  soils  than  on  barren  lands  ? 

A.  Because  cultivated  soils  (being 
loose  and  porous)  very  freely  radiate  by 
night  the  heat  which  they  absorbed  by 
day;  in  consequence  of  which,  they  are 
much  cooled  down,  and  plentifully  coro- 
dense  the  vapor  of  the  passing  air  into 
dew. 

Q.      Skmo  the  wisdom  of  God  in  this  arrange- 

A.    Every  plant   and  inch  of  land, 
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which  needs  ibe  moisture  of  dew,  is 
adopted  to  collect  it ;  but  not  a  single 
drop  is  wastiid  where  its  refresliing-  mois- 
ture is  not  required., 

Q.      S/tou!  tke  advantage  to  us  in  having  pol- 
ished METAL  aTld  TWolkn    Cl.OTH    BAD    RADIATORS    of 


A.  If  polished  metal  collected  dew  as 
easily  as  f^rass,  it  could  n-Jvcr  he  kept  dry 
and  free  from  rust.  Again,  if  woollen 
garments  collected  dew  as  readily  as  the 
leaves  of  trees,  we  should  be  nfieii  soak- 
ing wet,  and  subject  to  constarU  colds. 

Q.  Show  how  this  affords  a  beautiful  illustra- 
iion.  of  GiDEo:i's  miracle,  recorded  in  the  book  o/" 
Jvdges,  VI.  37,  38. 

A,  The  jfecce  of  wool  (which  is  a  very 
bad  radiator  of  heat)  was  soaking  icet 
with  dew,  when  the  grass  (which  is  a 
jTiost  excellent  radiator)  was  quite  dry. 

Q.       JVas  Ttot  this  coNTRARV  in  the  lu,ies  if 

NATURE  ? 

A.  Yes;  and  was,  therefore,  a  plain 
demonstration  of  the  power  of  God,  wtio 
could  thus  change  the  very  nature  of 
things  at  his  will. 

Q.  Why  do  our  clothes  feel  iiamp,  afier 
walking  in  a  Jim  eveidng  in  spriko  or  autumn  i 

A.  Because  the  vapor  (condensed  by 
the  cold  earth)  lights  upon  them  like  dew, 


196  COMMUNICATION    Of    HEAT, 

Q  TVki/  are  wrNiiows  often  covered  wUh  tAici 
MIST,  a/id  the  frames  loel  with  standing  water  ? 

A.  Because  llie  temperature  of  the 
external  air  always  falls  at  sunset,  and 
ch'dls  the  icindmo-glass  with  which  it 
Crjtnes  in  contact. 

Q,      IIow  does  this  account  for  the  wist  and  wa- 

A.  As  the  warm  vapor  of  the  room 
touc/fis  the  cold  glass  it  is  cidllcd  and  con- 
densed intomtsi;  and  the  mist  (collect- 
ing into  drops)  rolls  doton  the  window- 
frame  in  little  streams  of  water. 

Q.  Does  the  oi.ASa  of  a  window  coot,  domt 
more  hapidlv  than  the  am  of  the  room  itself? 

A.  Yes ;  because  the  air  is  lue^ 
icarm.  by  fires,  and  by  the  animal  heat 
of  the  people  in  the  room ;  in  consequence 
of  which,  the  air  of  a  room  suffers  very 
little  diminution  of  heat  from  the  setting 
of  the  sun. 

Q.       Whence  arises  the  VAi-oa  of  a  room  ? 

A.  1st — The  very  air  of  the  room 
contains  vapor : 

2d!y— The  breath  and  insensible  par- 
spiraiion  of  the  inmates  increase  this 
vapor:  and 

3dly — Hat  dinners,  the  steam  of  tea, 
and  so  on,  increase  it  still  more. 
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Q.       What  is  meant  by  "the  insensible  per« 

SPIRATIGN  ?" 

A.  From  every  part  of  the  human 
body,  an  insensible  and  invisible  perspi- 
ration issues  all  night  and  day ;  not  only 
in  the  hot  weather  of  summer,  but  also 
in  the  coldest  day  oftvinter. 

Q,  If  Ills  ferspiration  he  both  insensible  and 
INVISIBLE,  how  is  it  KNOWN  that  there  la  a»y  suck 
perspiraiion,  ? 

A.  If  you  put  your  naked  arm  into  a 
dean,  dry  glass  tube,  the  •perspiration  will 
condense  on  the  glass  like  mist. 

Q.  Why  are  carriage  windows  very  soon 
covered  with  thick  mist? 

A.  Because  the  \varm  vapor  of  the 
carriage  is  condensed  by  the  cold  glass, 
and  covers  it  with  a  thick  mist. 

Q.  Wht  I.!  the  glass  v>mlow  cold  enough  to 
condense  the  vapor  of  the  carriage  ? 

A.  Because  the  inside  of  a  carriage 
is  much  warmer  than  the  outside ;  and 
the  glass  window  is  made  cold  by  con- 
tact with  the  external  air. 

Q.  Where  does  the  WAKia  vapor  of  the  car- 
riage come  from  ? 

A.     The  warm  breatii  and  insensible 

perspiraiion  of  the  persons  riding,  load 

the  air  of  the  carriage  with  warm  vapor. 

Q.       What  is   the  cause  of  the  pretty  fkobt- 

WORK,  leeii  oit  bed-room  windows  in  wiiUerliiae / 
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A.  The  breath  and  insensible  j 
ration  of  the  sleeper  (coming-  in  contact 
with  the  ice-cotd  window)  ixre  frozen  by 
the  cold  glass,  and  form  those  beautiful 
appearances  seen  in  our  bed-rooms  on  a 
winter  morning. 

Q,  Why  is  the  glass  of  a  window  colder  llian 
tlie  WALLS  of  a  rooM  ? 

A.  Because  glass  is  so  excclleni  a  ra 
diator,  that  it  parts  with  its  heat  more 
rapidly  than  the  walk  do. 

Q.  Why  is  a  tumbler  of  cold  water  made 
g7dle  DOLL  wilh  mist,  ■when  brought   into  a  room 

FULL  ofrEOPLEl 

A.  Because  the  hot  vapor  of  the  room 
is  condensed  upon  the  cold  tumbler,  with 
which  it  comes  in  contact ;  and  changes 
its  invisible  and  gaseous  form  into  that 
of  a  thidc  mist. 

Q.  Why  is  a  glass  made  qitile  DtiLL  Sy  lay- 
ing a  HOT  HAND  upon  i.  ? 

A.  Because  the  insensible /lerspirfliion 
of  the  hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 

Q.  Why  are  wine-glasses  made  quite  ddll, 
■mhen  they  are  brought  into  a  room  full  qfco.irPAN'V  ? 

A.  Because  the  hot  vapor  of  the 
room  (coming  in  contact  with  the  cold 
wine-glasses)  is  condensed  upon  them, 
and  covers  them  with  vapor,  like  dew. 
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Q.  TFAy  does  this  misty  apptarance  ao  off, 
after  a  little  time  ! 

A.  Because  the  g-lass  becomes  of  the 
same  temperature  as  the  air  ot  the  room ; 
and  will  no  longer  chill  the  vapor  which 
touches  it,  and  cojulense  it  into  mist. 

Q.  Why  is  a  wine  glass  [which  has  been 
brottf;kl  out  of  a,  cellar  into  ike  Aiit)  covered  tnith 
a  thick  MTST  tn  suimmer-time  ? 

A.  Because  the  vapor  of  the  hot  air 
is  condensed  into  a  thick  mist,  by  contact 
with  the  cold  g-lass. 

Q,       Why  does  breatiiinq  on  a  glass  maie  it 

quite  DOLL  ? 

A.  Because  the  hot  breath  is  con- 
demed  by  the  cold  glass ;  and  therefore 
covers  it  with  a  thick  mist. 

Q.  Why  are  the  walls  of  a  house  covered 
with  WETT  in  a  sudden  thaw  ? 

A.  Because  the  walls -(being  thick) 
cannot  change  their  temperature  so  fast 
as  tlie  air ;  in  consequence  of  which,  they 
retain  their  cold  after  the  thaw  has  set  in. 

Q.  How  does  "  RETAINING  Ikcir  cold"  account 
for  their  bdng  so  wet  ? 

A.  As  the  vapor  of  the  warm  air 
touches  the  cold  loalls,  it  is  chilled  and 
atndensed  into  waier  ;  which  either  sticks 
to  tlie  walls  or  trickles  down  in  little 
streams. 

Ht,itt.b.Googlc 
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Q.  Why  docs  a  thick  well-built  house  con^ 
tract    more  damp  of  this  kind  than  an,  okdinari 

A.  Because  the  walls  are  much 
thicker  ;  and  (if  tiie  frost  tias  penttraled 
far  into  the  biicks)  they  will  be  some 
time  before  they  are  reduced  to  the  same 
temperature  as  the  air. 

Q.       TVly  are  balusters,  ^■c.,  dami-   ajlcr  a 

THAW  ? 

A.  Because  they  are  made  of  some 
very  close-grained  varnished  wood, 
which  cannot  change  its  tcniperaiare  so 
fast  as  tile  air, 

Italustcrs — corruptly  called  banisters. 

Q.  Hon)  does  this  account  for  Ike  balustees 
being  BAKvl 

A.  The  vapor  of  the  warm  air  {com- 
ing: in  contact  with  the  cold  balusters)  is 
chilled  and  condensed  into  tcatcr  upon 
them. 

Q.       Why  is  our  breat!I  visible  in  winteii, 

and  NOT  in  SUMMER  ? 

A.  Because  the  intense  cold  con- 
denses our  breath  into  visible  vapor; 
but  in  summer  the  air  is  not  cold  enough 
to  do  so., 

Q.  Why  are  o%t  hair  and  the  brim  of  our 
SAT  often,  covered  with  little  drops  of  pearly  dew 
m  vniiter-time  ? 

A.     Because  our  breath  is  cnndenspd 
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as  soon  as  it  comes  in  contact  witli  our 
cold  hail- or  hat,  and  hangs  there  in  little 
dew-drops. 

Q.  Why  does  the  steam  of  a  railway  boilee 
often,  i^ur  down,  like  fine  roA/i,  when,  the  sleam  is 
''lelofP' 

A.  Because  in  cold  weather  the 
steam  from  the  chimney  is  condensed  by 
the  chili  air  and  falls  like  fine  rain. 

Q.  Why  is  there  i,ess  dew  lehen  the  wind  is 
WESTEKLT,  than  when  the  wind  is  easterly? 

A..  Because  loestcrly  winds  cross  the 
continent,  and,  (as  they  pass  over  land) 
are  dry  and  arid :  But  easterly  winds 
cross  the  Atlantic  Ocean,  and  (as  they 
pEiss  over  water)  are  tnoist  and  fall  of 
vapor. 

Q.  How  does  the  dryness  of  a  westerly  wind 
prevent  dew-falls  ? 

A.  As  westerly  winds  are  very  dry, 
they  imbibe  the  moisture  of  the  air ;  in 
consequence  of  which,  there  is  very  liitle 
left  to  be  condensed  into  dew. 

Q,  How  doi-s  the  mohtsess  of  an  eastern  wind 
rnoMoTG  de'B-faMs  ? 

A.  As  easterly  winds  are  saturated 
with  vapor,  they  require  very  little  re- 
duction of  lieai  to  cause  a  copious  deposi- 
tion qfdao. 

Q.       Whtn  is  DEW  tnnsl  copiously  diUilhd  f 
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A.  After  a  hot  day  in  summer  oi 
aulumn,  especially  if  tlie  icind  be  easterly, 

Q.  Whi/  is  DEW  distilled  most  copiously  «^ 
ter  a  hot  day  ? 

A.  Because  the  surface  of  the  hot 
earth  radiates  heat  very  freely  at  simsel, 
and  (being  made  much  colde?-  than  the 
air)  chitts  the  passing  vapui'  and  con- 
denses it  into  dew, 

Q.  Docs  not  AIR.  radiate  heat,  as  well  as  the 
EARTH  and  its  various  jilaids  ? 

A.  No.  The  air  never  radiates  heat; 
nor  is  the  air  made  hot  by  the  rays  of 
the  sun. 

Q.      How  is  the  air  made  hot  or  cold  1 

A.  By  convection  of  hoi  or  cold  cur- 
rents, 

Q,       Explain  this. 

A.  The  air  which  has  been  heated  by 
the  surface  of  the  earth  ascends,  warm- 
ing' the  air  through  which  it  passes. 
Other  air  (being  warmed  in  a  similar 
way)  also  ascends,  carrying  /teat;  and 
ibis  is  repeated,  till  all  the  air  is  made  hot. 

Q.      How  is  the  air  made  colb  ? 

A.  The  air  resting  on  the  earth  ia 
made  cold  by  contact :  this  cold  air  makes 
Xhe  air  above  it  cold;  and  cold  currents 
(or  winds)  slutke  the  wluik  los^etker,  till 
all  becomes  of  one  temperature. 

.oogic 
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Q.  Why  is  MEAT  very  subject  lo  taint  on  a 
HOONt.iGHT  night  ? 

A.  Because  it  radiates  heat  very  freely 
ill  a  bright  moonlight  night;  in  conse- 
quence of  which,  it  is  soon  covered  with 
:kw,  which  produces  rapid  decomposition. 

Q.      Hoto  (lo  MOONLIGHT  Jiigkls  couduce  to  the 

rapid   GROWTH  of  PLANTS  ? 

A,  Radiation  is  carried  on  very 
rapidly  on  bright  moonlight  nights  ;  in 
consequence  of  which,  deis  is  very  plen- 
tifully daposiled  on  young  plants,  which 
conduces  much  to  their  growth  and  vi- 
gor. 

Q.       Why  is  evening  dew  injurious  to  health? 

A.  Because  it  is  always  laden  with 
noxious  exhalations  from  the  earth  ;  espe- 
cially in  marshy  countries. 

Q.      Is  HONEY-DEW  a  similar  thing  lo  dew  "i 

A.  No.  Honey-dew  is  a  sweet  liquid 
shed  by  a  very  small  insect  (called  the 
a'phis)  and  deposited  in  autumn  on  the 
under  surface  of  favorite  leaves. 

Fretiueutly  also  on  Lime  Trees,  in  the  Spring. 

Q.  Does  honey-dew  injure  leaves,  or  do  them 
goodf 

A,  It  injures  them  very  much,  by  fill- 
ing the  pores  with  a  thick,  clammy  liquid ; 
in  consequence  of  w^hich,  the  leaf  can 
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neither  transpire  nor  absorb  113  needful 
food. 

Q.  IVhOft  EFFECT  has  honey-dew  upon  the 
AFPEAiiAncR  of  a  leaf? 

A.  After  a  little  time,  the  leaf  (being 
wwthered  and  utantid)  begins  to  turn  a 
din^y  yellow. 

Q,      Are  not  a>;ts  very  fosd  o/"  iiosev-dew  ? 

A.  Yes;  and  crawl  up  the  loftiest 
trees  in  order  to  obtain  it. 

Q,       What  is  the  cause  of  MiST  {or  earth-fog)  ? 

A.  If  the  night  has  been  very  culm, 
the  radiation  of  heat  from  the  earth  has 
been  very  abundant;  in  consequence  of 
which,  the  air  (resting  on  the  earth)  has 
been  chilled,  and  its  vapor  condensed 
into  a  thick  mist. 

Q.       Why  does  iiol  the  mist  become  dew? 

A.  Because  the  chill  of  the  air  is  so 
rapid,  that  vapor  is  condensed  faatar 
than  it  can  be  deposited;  and  (covering 
the  earth  in  a  mist)  prevents  any  further 
radiation  of  heat  from  the  earth. 

Q,  When,  the  earth  can  no  longer  radiatb 
keat  upwards,  does  it  coiUirtue  to  coNDiiNSE  the  vapor 
of  the  air? 

A.  No  ;  the  air  (in  contact  with  the 
earth)  becomes  about  equal  in  tempera- 
ture  with  the  surface  of  the  earth  itself 
for  which  reason,  the  mist  is  not  twt- 
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denscd  into   dew,  but   remains  Jloating 
above  the  eart'i  as  a  thick  cloud. 

Q.  This  MIST  seems  to  rise  iiiGnEir  and 
HiGHEs,  and  yd  remains  guile  as  dense  below  oi  al 
first.     Explain,  the  cause  of  this. 

A.  1'he  air  resting^  on  the  earth  is 
first  chilled,  and  chills  the  air  resting  on 
it ;  the  air  which  touches  this  new  layer 
or  mist  being  also  condensed,  layer  is 
added  to  layer :  And  thus  the  mist  seems 
to  be  risiiig,  when  (in  fact)  it  is  only 
deepening. 

Q.       Why  do  MIST  and  dew  vanish,  as  the  srm 

A.  Because  the  air  becomes  loarmer 
at  sun-rise,  and  absorbs  the  vapor. 

Q.       Why  is  a  bew-hrop  kou.nd? 

A.  Because  every  part  of  it  is  equally 
balanced ;  and,  therefore,  there  is  no 
cause  why  one  part  of  the  drop  should 
be  further  from  the  centre  than  anotJicr. 

Q  Why  ii  the  dew-drop  (on  a  broad  leaf) 
sometimes  flattened? 

A.  Because  two  or  more  drops  of  i 
dew  roll  together,  and  make  one  large 
spheroid  (or  flattened  drop). 

Q.  Why  wiU  DEW-DROPS  koll  abodt  cab. 
BAGE-FLANTS,  POPPIES,  ^c,  without  welting  the  sia- 
face? 

A.    Because  the  leaves  of  cabbages 
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and  poppies  are  covered  with  a  very  Jim 
waxen  pomkr,  over  wiiich  the  dew-drop 
rolls  without  wetting-  the  surface,  as  a 
drop  of  rain  would  over  dust. 

Q.  Wki/  does  not  a  drop  of  rain  wet  the 
DUST  over  which  U  rolls? 

A.  Because  dust  has  no  affinity  for 
water,  and,  therefore,  repels  it, 

Q.       Why  does  not  Ike  dew-drop  wet  the  fow 

DERo/iAe  CABBAGE-PLANT? 

A.  Because  the  fine  powder  which 
covers  the  cabbage-leaves  has  no  affinity 
for. water,  and,  therefore,  repels  it. 

Q  Why  loiii  dew-dilops  roll  oveT  a  rose, 
i^c,  without  wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose  coq- 
tain  an  essential  oil,  which  has  no  affinity 
for  water,  and,  therefore,  repels  it. 

Q.  Why  can  swans  arid  ducks  dive  under 
water  without  being  wetted  ? 

A.  Because  their  feathers  are  cover- 
ed with  an  oily  secretion,  which  has  no 
affinity  for  water,  and,  therefore,  re- 
pels it. 

Q.       Wh^  is  the  cause  o/mist? 

A.  Currents  of  air  from  the  water 
coming  in  contact  with  colder  land  cur- 
rents. 

Q.  Why  are  the  currents  <f  air  from  {he  LAN! 
COLDER  than  those  blowing  over  water? 
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A,  Because  the  earth  radiates  heat 
after  sun-set  more  freely  than  water ; 
consequently  the  air  which  comes  in  con- 
tact with  the  land  is  more  cold  than 
that  which  comes  in  contact  with  water. 

Far  other  questions  respecting  land  and  sea  tiroezes  sea 
Chapter  XXIV. 

Q.  Why  is  not  Uis  Aia  which  passes  over 
WATER  so  COOL  OS  that  whtch  parses  over  la.vd  ? 

A.  Because  water  does  not  cool 
down  at  suh-set  so  fast  as  land  does ; 
and,  therefore,  the  air  in  contact  with  it 
remains  loarmer. 

Q.       Why  does  not  watbk  cool  down,  so  fast  as 

LAND? 

A.  1st — Because  the  surface  of  water 
is  perpetually  changing ;  and,  as  fast  as 
one  surface  is  made  coid,  another  is  pre- 
sented :  atid 

2dly — The  moment  water  is  made 
cold  it  sinJis,  and  ivarincr  portions  of  wa- 
ter tise  to  occupy  its  place  :  therefore, 
before  the  surface  of  ivater  is  cooled,  the 
ichole  volume  must  be  made  cold ;  which 
is  not  the  case  with  land. 

Q.  What  is  ihe  cause  of  a  '■' pea-so7ip"  Lon- 
don FOG? 

A.  These  fogs  (which  occur  g:eneral- 
ly  in  the  winter  time)  are  occasioned 
thus  : — Some  current  of  air  (being"  sud- 
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denly  cooled}  descends  into  the  wami 
streets,  forcing  back  tlie  smoke  in  a  mass 
towards  the  earth. 

Q,       Wky  are  Ikere  not  fogs  every  night  ? 

A.  Because  the  air  wit!  always  hold 
in  solution  a  certain  quantity  of  vapor, 
(which  varies  according  to  its  tempera- 
ture :)  and,  wlieii  the  air  is  not  saturated, 
it  may  be  cooled  without  parting  with 
its  vapor. 

Q.       When  do  fogs  occur  at  night  t 

A.  Wlieii  the  air  is  saturated  with 
vapor  during  tiie  day.  Wlien  this  is  the 
case,  it  deposits  some  of  its  superabun- 
dant moisture  in  the  form  of  dew  or  fog 
as  soon  as  its  capacity  for  liolding  vapor 
is  lessened  by  the  cold  night. 

Q.  Why  is  there  very  oftes  a  fog-  over 
siAi;.¥iEKS  and  i;(vehs,  at  night-lime? 

A.  Because  the  air  of  marshes  is 
almost  always  near  saturation;  and, 
therefore,  the  least  depression  of  tempe- 
rature will  compel  it  to  relinquish  some 
of  its  moisture  in  the  form  of  dew  or 


Q.       What  is  the  difference  between  DEWaiw 

BAIN  ? 

A.     In  (/eio,  the  condensation  is  made 
near  the  cartli's  surface. 
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In  rain,  the  drops  fall  from  a  consi- 
derable heiji'ht. 

Q.       What  is  the  catjse  of  both  dew  and  rain  .' 

A.     Cold  condensing  ibe  vupor  of  the 

air  when  near  the  point  o(  saturation. 

Q.       Why  do  MIST  ajui  fog  vanish  at  mn-risef 

A.     Because  llie  condensed  particles 

are  again  changed  into  invisible  vapor  by 

the  tieat  of  the  sun. 

Q,       What  is  the  difference  between  a  mist  and  a 

FOO? 

A.  Mist  is  generally  applied  to  va- 
pors condensed  on  marslies,  j-ivers,  and 
lakes. 

Fog  is  generally  applied  to  vapors 
condensed  on  land;  especially  if  those 
vapors  are  laden  with  smoke. 

Q.  What  is  the  reason  why  condensed  vapor 
sotnetimes  forms  into  clouus,  and  somclimss  into 
fog! 

A.  If  the  surface  of  the  earth  is 
hotter  than  the  air,  the  vapor  of  tiie 
earth  is  chilled  by  the  cold  air,  and  be- 
comes fog:  But  if  the  air  is  hotter  than 
the  eai'th,  the  vapor  rises  through  the  air, 
and  becomes  cloud, 

Q.  Jf  cold  air  produces  fob,  why  is  it  nol 
foggy  on  a  filostv  MoitNLPio  ! 

A.     1st — Because  less  vapor  is  f>rmed 

on  ix frosty  day:  and 
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2d\y — The  vapor  is  frozen  upon  the 
gi'ound,  before  it  can  rise  from  tlie  earth, 
and  becomes  hoar-frost, 

Q.  TWy  are  fogs  more  general  m  autumn 
than  in  spring? 

A.  1st — ■Because  the  air  in  sprinp;  is 
g-enerally  much  drier  than  it  is  in  autumn ; 
in  consequence  of  which,  it  is  not  so  near 
the  po\ni  of  saturation :  and 

2dly — The  earth  in  spring-  is  not  so 
hot  as  it  is  in  autumn ;  in  consequence 
of  which,  its  vapor  is  not  chilled  into  fog 
as  it  issues  into  the  air. 

Q,  Why  are  fogs  inore  common  in  vallevs 
than  on  iiflls  1 

A.  1st  —  Because  valleys  contain 
more  maisture  than  hills  :  and 

2dly — They  are  not  exposed  to  suffi- 
cient loind  to  dissipate  the  vapor. 

Q.      How  does  WIND  dissipate  fogs  1 

A.  Either  by  blowing  them  away; 
or  else  by  dissolving  them  into  vaj}Oi' 
again. 

Q.       What  is  koar-frost'I 

A.  There  are  two  sorts  o'  hoar-frost ; 
1. — Frozen  dew:  and  2. — I  jozen  fog. 

Q.       tt^hni  is  the  cause  of  the  ground  hoab,. 

FROBT,  Or/™SCTDEW? 

A.  Very  rapid  radiation  of  heat  from 
Uie  earth ;  in  consequence  of  which,  the 
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mrface  is  so  cooled  down  that  it  freezes 
the  dew  condensed  upon  it. 

Q.       Why  is  hoar-fkost  seen  only  aflcr  a  very 

CLE.ia  NIGHT  1 

A.  Because  the  earth  will  not  have 
thrown  off  heat  enough  by  radiation  to 
freeze  the  vapor  condensed  upon  its  sur- 
face, unless  the  night  has  been  very  clear 
indeed. 

Q,  Wh^  do 
ike  GROUND  and  i 
not  frozen  ? 

A.  Because  it  is  not  the  effect  of  cold 
in  tlie  air,  but  cold  on  the  surface  of  the 
earth  (produced  by  excessive  radiation), 
wh.\ch  fj-eezes  the  dew  condensed  upon  it. 

Q.  Why  is  the  hoak-prost  upon  grass  and 
VEGKTABLEs  ffl'tcA    ikick&r   IhoM  that  upon   lofty 

TREES  ? 

A.  Because  the  air  (resdng  on  the 
surface  of  the  ground)  is  much  colder 
after  sun-set  than  the  air  higher  up ;  in 
consequence  of  which,  nfiore  vapor  is 
condensed  and  fjvzen  there. 

Q.  Why  is  the  air  (jestiv^  on  the  surface  of 
the  earth)  colder  than  thai  in  the  higher  regions  ? 

A.  Because  the  earth  radiates  more 
heat  than  the  leaves  of  lofty  trees ;  and, 
therefore,    more  rapidly  condenses   and 

freezes  the  vapor  of  the  air. 
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Q.  Why  are  evergueens  often  mosT-BiTTLS 
IpAe/i  lofly  trees  are  NOT? 

A,  Because  tliey  do  not  rise  far  above 
the  surface  of  the  earth;  and  (as  the  air 
contiguous  to  the  earth  Is  made  colder  by 
radiation  than  that  in  the  higher  regions), 
therefore,  tiie  low  evergreen  is  often//'os(- 
biilen,  when  the  lofty  tree  is  uninjured. 

Q,  IFAy  is  there  lillle  or  wo  hoar-frost  un- 
der sHauBs  a7id  shady  tkees  ? 

A.  1st — Because  the  leafy  top  arrests 
the  process  of  radiation  from  the  earth : 

2diy — Shrubs  and  trees  radiate  heat 
towards  the  earth:  and,  therefore,  the 
ground  beneath  is  never  cold  enough  to 
congeal  the  httle  dew  which  rests  upon  it. 

Q.  Wkat  is  ike  cause  of  that  hoar-frost 
which  arises  from  frozen  fog  1 

A,  The  thick  fog  which  invested  the 
earth  during  the  night  (being  condensed 
by  the  cold  frost  of  early  morning),  is  con' 
gealed  upon  every  object  with  which  il 
comes  in  contact. 
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CHAPTER   XIX. 


Q.       Wfiat   is  rnecml    by  tlie   convection   of 

IIEAT? 

A.  Heat  communicated  by  being 
aimed  to  another  thing  or  place  ;  as  the 
hot  water  resting;  on  the  bottom  of  a  ket- 
tle carries  heat  to  the  water  through 
which  it  ascends.     (See  p.  226.) 

Q.      Are  liquids  good  conductora  of  heat  ? 

A,  No  ;  liquids  are  bad  conductors  ; 
and  are,  therefore,  made  hot  by  convec- 
tion. 

Q.       Why   are  liquids  bad   conductoks  of 

A.  Because  heat  converts  a  liquid  into 
steam;  and  flies  off  with  the  vapor  in- 
stead of  being  conducted  through  tlie 
liquid. 

Q.       Explain,  how  water  is  made  hot. 

A.  The  water  nearest  the  fire  is  firs'- 
heated,  and  (being  heated)  rises  to  the 
top ;  while  its  place  is  supplied  by  colder 
portions,  which  are  heated  in  turn,  till 
all  the  water  is  boiling  hot. 

Q.  Why  is  water  m  such  continual  ferment, 
vhen  His  boiling? 

A.     This  commotion  is  mainly  prodn- 


ced  by  the  ascending  and  descending  cur- 
rents of  hot  and  cold  water. 

The  escape  of  steum  from  the  water  contributes  also  to 
Increase  this  aviation. 

Q.      How  do  these  two  currents  pass  each  olker  ? 

A.     The  hot  ascending  current  rises  up 

through  the  centre  of  the  mass  of  water; 

while  the  cold  descending  currants  pass 

down  by  the  metal  sides  of  tlie  kettle. 

For  other  questions  on  the  subject  of  boiling  water, 
»(e  from  pago  109  to  115. 

Q.  Why  is  HEAT  applied  to  the  bottom,  and 
•ml  lo  the  top  of  a  kettle  i 

A.  Because  the  heated  water  always 
ascends  lo  the  surface,  heatino;  the  water 
through  which  it  passes ;  if,  therefore, 
heat  were  applied  to  the  top  of  a  vessel, 
the  water  below  the  surface  would  never 
be  heated. 

Q.  As  the  lower  pari  of  a  grate  is  made  red- 
hot  by  the  fire  above,  why  would  not  the  water 
boil^  if  fire  were  applied  to  the  top  of  a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor  ;  if,  therefore,  one  part  be  heat- 
ed, the  heat  is  conducted  to  every  other 
part :  But  tvater  is  a  very  bad  conductor, 
and  will  not  diffuse  heat  in  a  similar  way, 

Q.  Prove  thai  water  is  a  bad  conductoh.  of 
Kent. 

A.  When  a  blacksmith  immerses  hia 
red-hot  iron  in  a  tank  of  water,  the  water 
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which  surrounds  the  iron  is  made  boiling 
hot,  while  that  beloio  the  surface  reraaina 
quite  cold. 

Q.  If  you  msh  to  cool  liquids,  whfre  should 
the  cold  be  applied  1 

A.  To  the  tip  of  the  liquid;  because 
the  cold  portions  will  always  desceiui,  and 
allow  the  warmer  parts  to  come  in  con- 
tact with  the  cooling-  substance. 

Q,  Does  BOiLiNO  waler  get  holler  by  bang 
KEPT  on  the  plre'? 

A.  No  :— not  if  the  steam  be  suffered 
to  escape. 

Q.  \Ww.Y  does  not  boiling  water  get  hotteo, 
iftke  steam  be  sufered  to  escape  1 

A.  Because  the  water  is  converted 
into  sfeani  as  fast  as  it  boils;  and  the 
steam  carries  away  the  additional  heat. 

Q.  Why  does  aoup  keep  hot  longer  tha,-^  boil- 
ing water  f 

A,  Because  the  g:rease  and  various  in- 
g-redients  floating- in  the  soup,  oppose  the 
ascending-  motion  of  the  hot  particles, 
and  prevent  their  rising-  so  freely  to  the 
surface. 

Q.  J?"  yoii  wanted  to  keep  water  hot  for  a 
Umg  time,  how  could  it  be  doTie  ? 

A.  By  adding  a  little  starch  or  flour 
to  the  water. 

Q,  Why  would  a  lillk  starch,  added  «  boil- 
ing water,  serve  to  heep  it  hot  ! 
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A.  Because  it  would  oppose  tha 
ascending  motion  of  the  hot  particles  of 
■water,  and  prevent  their  rising  so  freely 
to  the  surface. 

Q.  IVhl/    do    THICK    MILK,    RICE    MILK,    ^C,  TS- 

mai7i  HOT  loager  than  water  ? 

A.  Because  the  ascending'  motion  of 
the  hot  particles  is  opposed  by  the  flour 
or  rice,  and  cannot  so  quickly  reach  the 
suiface. 

Q.      Is  STEAM  msibh  or  invisible  1 

A.  Steam  is  invisible;  but  when  it 
comes  in  contact  with  the  air  (being 
condensed  into  small  drops)  it  instantly 
becomes  visible. 

Q.  Mow  do  ym  know  thai  ste^im  is  invisible  1 
A.  If  you  look  at  the  spout  of  a  boil- 
ing kettle,  you  will  find  that  the  steam 
(which  issues  from  the  spout)  is  always 
invisible  for  about  half  an  inch;  after 
which  it  becomes  visible. 

Q,      "WHiT  is  the  sleam  invisible  for  half  an 

INCH? 

A.  Because  the  air  is  not  able  to 
condense  it,  as  it  first  issues  from  the 
spout ;  but  when  it  spreads  and  comes  in 
contact  with  a  larger  volume  of  air,  the 
invisible  sleam  is  readily  condensed  into 
visible  drops. 

Q.      Why  do  sTUAM-ENaraES  soMtltmes  uunsi  J 


t;<,0;ilc 


A.  Because  steam  is  very  claslic , 
and  this  elasticity  inereases  in  a,  greater 
propoiiioii  ihauvthe  that, which  produces 
it ;  iiiiless,  .thetefore,  some  vBtU:  be  freely 
allowed,  steam  w5l  bupst  the  vessel 
whi^h  coiifliKs  it. 

Q.      h  AIR  a  gd/rS  coNDucirgtt'?' 
A.     No;  ah-  is  a  very  bad  conductor; 
and  !5  heated  (like  water)  by  convection. 

Q.      How  is  a  room  warmed  by  a  stove? 

A.  The  air  nearest  the  fire  is  made 
hot  Jir&t  and  rises ;  cold  air  then  descends, 
is  heated,  and  ascends  in  like  manner; 
and  this  interchange  goes  on  till  all  the 
air  of  the  room  is  warmed.     (See  p,  56.) 

Q.  WS-y  are  fires  placed  on,  the  floor  of  a 
room,  and  not  towards  the  ceiling  1 

A.  Because  heated  air  always  as- 
cends. If,  therefore,  ihe  fire  were  tjot 
near  thejlom;  the  air  of  the  lower  part  of 
the  room  would  never  be  heated  by  the 
fire  at  all.  _ 

Q.      If  you  talie  a  poker  o^t  of  the  firf.,  and 

hold    the    HOT    END  DOWNWARDS,  wk^  W  i/ifi  UANELE 

intensely  hot! 

A.     Because  the  hot  end  of  the  poker 
heats  the  air  around  it:  and  this  hut  air 
(in  its  ascent)  scorcJies  the  -poker  and  the 
iiand  which  holds  it. 
10 
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Q,  Ilov!  should  a  ked-hot  pokek  be  carried, 
0  as  not  in  burn  out  fingers? 

A.  "VVilh  the  hot  end  upwards;  for 
then  the  air  (heated  by  the  poker)  woul  J 
not  pass  over  our  hand  and  scorch  it. 
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PART    II. 
AIR. 


CHAPTER    XX 
TSE  ATMOSPHERE. 


Q.      Of  what  is  oimospheric ..,...^ 

A.  Principally  of  two  g-ases,  oxygen 
and  nitrogen,  mixed  together  in  the 
following'  proportion:  viz.,  1  gallon  of 
oxygen  to  4  of  nitrog"en. 

It  must  not  be  forgotten  that  tbe  air  contatns  smal) 
([iiantitiea  of  other  gaseous  aubatancca  also,  aa  vapor  of 
vtalar,  carbonic  add,  and  asanonia. 

Q.       What  do  you  mean  by  a  gas  1 
A.     A  permanent  elastic  fluid  resem- 
bling air. 


PEllMANE^JT," — In  this  respect  gas  differs  from  vapor, 

■'    '-      ■ lent;  for  vapor  may  be  easily  con- 

a  liquid,  but  gas  never  changes  ita 


which  is  mil  permanent  ^  for  vapor  may  be 
!d  by  cold  i 


gaseous  form. 

"  Elastic," — In  thla  respect  gas  differs  fVom  a  liquid, 
which  is  almost  inelastic ;  whereas  gas  is  exceedingly 
elastic. 

"  ItESKMBLTNG  Ala,"  Or  acrlform.— The  word  "Oas" 
means  air,  but  air  is  a  compound  of  two  ^oses.  Soma 
few  gases  are  visible,  as  chlorine,  which  as  a  gree&isb 
yellow. 
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Q,       Whal  is  the  difference  between  a  gas  aTtd  a 

LIQUIU  ? 

A.     Gases  arc  elastic,  but  liquids  not. 
Q.      Illustrate  what  is  meant  by  "  the  elasticity 

of  GAS." 

A,  If  from  a  vessel  full  of  gas  half 
were  taken  out — the  other  half  would  ini- 
mediaiely  spread  itself  out,  and  fill  the 
same  space  as  was  occupied  by  the  tahole. 

Q.      Prove  that  a  liquid  is  not  elastic. 

A.  If  from  a  g-allon  of  water  you  take 
half,  the  remaining  4  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did  :  a  liquid,  therefore,  is  not 
elastic  like  gas. 


Q.       What  are  the  uses  of  the  oxyge!^  of  t/ie  ai' ' 

A.  To  support  combustion  and  sm- 
tain  life. 

Q.  ^Vhat  is  meant,  -when  it  is  said,  that  ths 
OXYGEN  of  the  air  "supports  coHntisTJON?" 

A.  It  means  tliis:  It  is  the  oxygen 
of  the  air  which  imkesfael  burn. 

Q.      How  does  the  oxygen  of  the  air  make  fuel 

A.  The  fuel  is  decomposed  (by  heat) 
into  hydrogen  and  carh'in;  and  these 
elements  combining  with  the  oxygen  of 
the  air  produce  combustion. 
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Q.  What  OAS  is  produced  by  the  combination 
*J  carbon  and  oxygen.1 

A.     Carbonic  acid  gas.     {Sm  p.  43.) 
Q.       What  becomes  of  the  hvdrogen   of  tht 

FUEL? 

A.  The  hydrogen  of  the  fuel  combines 
with  tlie  oxygen  of  the  air,  and  forms 
WATERY  VAPOR  ;  but  the  combination  is 
attended  by  the  production  of  Jlame, 
owing  to  the  very  inflammable  nature 
of  hydrog:en  gas. 

Q.  What  becomes  of  Ike  nitroses  of  the  air, 
amidst  all  these  changes  aitd  combinations? 

A.  The  nitrogen  escapes  unc/ianged, 
to  be  again  mixed  with  oxygen,  and  con- 
verted into  common  air. 

Q.       What  is  meant,  when  it  ir  said,  that  oxy. 


A.  It  means  this :  If  a  person  could 
not  inhale  oxygen,  lie  would  die. 

Q.  What  GOOD  does  this  inspiration  of  oxyoem 
do? 

A.  1st — It  gives  vitality  to  the  blood : 
and 

2dly — It  is  the  cause  of  animal  heat. 

Q.      How  is  FOOD  converted  into  blood  1 

A.  After  it  is  swallowed,  it  is  dis- 
solved in  the  stomach  into  a  grey  pulp, 
called  Chyme  ;  it  then  passes  into  the  in- 
testines, and  is  converted  by  the  "  bile"" 
into  a  ?nillaj  substance,  called  chyle. 


•sic 


Chyme— proiMiiHce  kyme — chyla  prontmnce  ky\&~-e/hA 
as  (TM  sijU/UtU. 

Q.  What  BECOMES  of  the  milky  snbslanet 
called  CHYLE  ? 

A.  It  is  absorbed  by  the  vessels  call- 
ed "lacteals,"  and  poured  into  the  veins 
on  the  left  side  o/i/ie  neck. 

Lac'tcals — pronoutice  Lao'-te-itls. 
Q.       IV/ial   becomes  of  ike  chyle,  aptek  it  it 

POURED  into  the  VEINS  ? 

A.  It  mingles  with  the  blood,  and  is 
itse\C  convejicd  into  blood  also. 

Q.  How  does  the  oxygen  we  inhale  mikgle 
inth  the  BLOOD  ? 

A.  The  oxygen  of  the  air  mingles 
with  the  blood  in  the  lungs,  and  converts 
it  into  a  bright  red  color. 

Q,  What  color  is  the  blood  before  tl  is  oxi- 
dized in  the  lungs  ? 

A.  A  dark  purple.  The  oxygen  turns 
it  to  a  bright  red. 

Oxidised,  i.  c,  impregnated  ivith  osygcn. 

Q.  iVhy  are  pegsons  $o  pale,  who  live  in 
close  rooms  and  cities  ? 

A.  Because  the  blood  derives  its 
redness  frorr?  the  oxygen  of  the  air  inhal- 
ed; but,  as  the  air  in  close  rooms  and 
cities  is  r\o\.  fresh,  it  is  dpjicient  in  oxygen, 
and  cannot  turn  the  blood  to  a  beautiful 
bright  red, 

Q.  Why  art  PEBSONa,  leho  live  in  lite  open 
AiK  and  ht  the  ciMnlry,ofa  ruddy  complexion! 
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A,  Because  ihey  inhale  fresh  air 
which  has  its  full  proportion  of  oxygen ; 
and  the  blood  derives  its  bright  red  color 
from  the  oxygen  of  tlie  air  inhaled. 

Q.  Why  is  ml  ike  air  in  cities  so  fresh  hj 
that  i?i  the  couHTnr? 

A.  Because  it  is  impregnated  with 
the  breath  of  its  numerous  itiJiabitants, 
the  odor  of  its  sewers,  the  smoke  of  its 
Jires,  and  many  other  impurities. 

Q.  How  does  OXYGEN  conoeri  the  color  of  blood 
irUo  a  bright  red? 

A.  The  coloring  matter  of  the  blood 
is  formed  by  very  minute  globules  float- 
ing in  it;  the  oxygen  (uniting  with  the 
coals  oftliese  globules)  makes  them  milky 
— and  the  dark  coloring  matter  of  the 
blood  (seen  through  this  milky  coai) 
appears  of  a  higlit  red. 

Exp, ;— If  j-nn  put  some  dark  iieniuM  blrwil  into  a  mU&y 
glasa,  (ind  hold  it  up  toivards  the  light,  it  will  appear  ofa 
higUfiorid  color  like  artei-iai  blood. 

Q.  How  docs  Ihe  combinattom  of  oxygen  with 
tkt  BLOOD  produce  animal  heat  ? 

A.  Tiie  principal  element  of  the 
blood  is  carbon;  and  this  carbon  (com- 
bining with  the  oxygen  of  the  air  inlialed) 
produces  carbonic  acid  gas,  in  the  same 
way  as  burning'  fuel.     (See  p.  43.) 

Q.  What  becomes  of  Ike  nitrogen  of  t/le  air, 
after  ihe  oxygen  eniers  the  blood  f 
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A.  It  is  thrown  out  from  the  lung:s 
unchang^ecl,  by  the  act  of  breathinn; ;  to 
be  again  mixed  with  oxygen  and  con- 
verted into  common  air. 

Q.  Why  does  the  vitiated  air  {afUr  the  oxy- 
gen  has  been  absorbed)  come  out  cf  Ike  mouth,  and 
not  sink  into  the  sloiiiach  ? 

A,  Because  a  mechanical  provision 
is  made  in  the  upper  part  of  the  wind- 
pipe and  g-uUet  for  this  purpose. 

N.  B.  The  lungs  are  r  haltme,  spimgy  ■mass,  capable  of 
conliniiig  air  und  of  being  dilated  by  it.  They  ant  so  situ- 
ated in  the  thomx  (or  chest),  that  the  air  miiM  enter  into 
them,  wheoever  the  cuvities  of  the  thorax  are  enlarged. 
The  process  of  breathing  is  performed  thus:  Wliettwe 
iNHtLE,  the  thorax  (or  chest)  U  expanded;  In  consequence 
of  B'hlch,  a  vacimia  is  foniied  nmnd  tie  lungs,  and  heavy 
external  air  instantly  enters  (through  the  mouth  and. 
thniat)  id  supply  this  vacuum. 

When  we  exhale,  the  thorax  contracts  again ;  in  conse- 
qiience  of  which,  it  can  no  longer  contain  tjie  sonic  quait- 
tily  of  air  as  it  did  before ;  and  some  of  it  is  necessarily 
■.pellsd.    When  this  expulsion  of  air  takes  plaee,  tlie  Inngs 


Q.  If  (both  in  combustion  and  respiration)  the 
OXYGEM  nf  the  air  is  consumed,  and  the  NiTiiOGBN 
aeJECTED —  Why  are  not  the  propoktions  of  the 


A.  Because  the  under  surface  of  vege- 
table leaves  (during'  the  day)  g^ives  out 
oxygen;  and  thus  restores  to  the  air  the 
very  element  of  which  it  has  been  de" 
prived. 
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Q.  Wkertcc  do  leaves  obtain  the  oxyges 
vihick  Ihry  exhale? 

A.  From  the  carbanic  acid  absorbed 
by  the  roots  from  the  soil,  and  carried  to 
the  leaves  by  the  rising  sap. 

N.  B.  Carbonic  acid  (it  must  be  remembered)  ia  a 
compound  of  carbon  and  oxygen. 

Q.  How  do  plants  contriee  to  absorb  earbonie 
aeidjrom  l/ie  sail  ? 

A.  It  rises  (by  capillary  attraction) 
through  the  small  fibrous  roots,  after  it 
has  been  dissolved  in  the  soil  by  water. 

Q.       Whence  does  the  son.  obtain  carbonic  acid  J 

A.  1st — From  the  air ;  from  which  it 
is  driven  by  falling  showers; 

2dly— From  the  decomposition  of  ve- 
getable and  animal  matters,  which  al- 
ways produces  this  gas  in  abundance : 
and 

3dly — All  lime-stone,  chalk,  and  cal- 
careous stones,  contain  vast  quantities  of 
carbonic  acid  in  a  solid  state. 

Calcareous,  i.  e.,  of  a  limy  nature. 
Q.      If  kaves  throw  oj  the  oxygen  of  the  car- 
imic  acid,  what  becomes  of  the  carbon? 

A.  It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

Q.  Show  hov)  God  has  made  animal  life  de- 
pendent OH  that  of  VEGETABLES. 

A.     Animals  require  oxygen  to  keep 

them  alive,  and  draw  it  from  the  air  by 

10' 


inspiration  :  The  under  surface  of  leaves 
gives  out  oxygen ;  and  thus  supplies  the 
air  "with  the  very  gas  required  for  the 
use  of  animals. 

Q,  Show  how  God  has  made  VEairrABLE  life 
dependejit  on  that  of  animal. 

A,  Plants  require  carbonic  acid, 
which  is  iheirp/'incipa/^/bod;  and  all  an- 
imals exhale  the  same  ^as  from  their 
lung's.  Thasplants  supply  animals  with 
oxygen,  and  animals  supply  plants  with 
carbonic  acid. 

Q.         if««.W  AIR  HEATED? 

A.     By  "  convective  currents." 

Q,      Expiaiii.  what  is  meant  by  "  contectitb 


A.  When  a  portion  of  air  is  heated, 
it  rises  upwards  in  a  current,  carrying 
the  heat  with  it ;  other  colder  air  succeeds, 
and  (being:  heated  in  a  similar  way)  as- 
cends also  :  These  are  called  "  convective 
currents." 


It.) 

Q.         Is  AIR,  HEATED  bff  the  RAYS  (fth^  SVN  1 

A.  No  ;  air  is  not  heated  (in  any  sen- 
sible degree)  by  the  action  of  the  sun's 
rays  passing  throug^h  it. 

Q.  WAj/  then,  is  Ike  air  hotter  an.  a  SCNNI 
DAY,  than  on  a  cloudy  one  ? 
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A.  Because  the  sun  heats  the  surface 
of  the  earth,  and  the  air  (resting;  oit  the 
earth)  is  heated  bij  contact :  as  soon  as  it 
is  heated  it  ascends  ;  while  its  place  is 
supplied  by  colder  portions  which  are 
heated  in  turn  also. 

Q.  If  MK  be  a  BAD  CONDUCTOR,  v)ky  does  hot 
mos  becom-i  cold  by  exposdrb  lo  the  aiu? 

A.  Because  it  is  made  cold — 1st — 
By  "convection;"  and  2dly — By  "radi- 
ation ." 

Q.      Hov>  is  hat  iron  made  cold  by  convection  1 

A.  Tlie  air  resting:  on  the  liot  iron 
(being  intensely  heated),  rapidly  ascends 
with  the  heat  it  has  absorbed ;  colder  air 
succeeding"  absorbs  more  lieat  and  as- 
cends also;  and  this  process  is  repeated 
till  the  hot  iron  is  cooled  completely  doxmi. 

Q.      How  is  hot  iron  cookd  by  radiation  1 

A.  While  its  heat  is  being  carried  off 
by  "  convection,"  the  hot  iron  throws  off 
heat  (on  all  sides)  by  radiation  also. 

Q.       What  is  meant  by  radiation  ? 

A.  Heat  emitted  (in  all  directions) 
from  any  surface  by  rays. 

Q.  MoTC  is  BitOTii  COOLED  by  being  left  ex- 
posed  to  the  AIR  t 

A.  It  throws  oiF  some  heat  by  radior- 
tion;  but  it  is  mainly  cooled  down  by 
convection. 
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Q.      How  is  hot  BP.oTH  cooled  ihwn  by  conveo- 

A.  The  air  resting  on  the  hot  broth 
(being  heated)  ascends;  colder  air  suc- 
ceeding ahsorbs  more  heai,  and  ascends 
also;  and  this  process  is  repeated  till 
the  broth  is  made  cool. 


which  gradually  assists  the  cooling  process. 

Q,  WAy  M  hot  TEk  and  broth  cooled  fastei 
by  being  STimtEB  abaat  ? 

A.  1st— Because  the  agitation  assists 
in  bringing  its  hottest  particles  to  the 
surface. 

2dly — The  action  of  stirring  agitates 
the  air,  and  brings  it  more  quickli/  to  the 
broth  or  lea  :  and 

3dly — As  the  hotter  particles  are  more 
rapidly  bruaght  into  contact  with  the 
air,  therefore,  convection  is  more  rapid. 

Blon-ing  tea  or  broth  cools  it  also.     {See  p.  1C8.) 
Q.      If  a  shutter  be  dosed  in  the  day-lime,  tht 
tlrea.ni  of  liglit  [fierdng  tkroagh  the  crevice)  »eemt 

ia  CONSTANT  AGITATION.       WhY  IS  this  ? 

A.  Because  little  nwtes  and  particles 
of  dust  (thrown  into  agitation  by  the 
violence  of  the  convectltie  currents)  are 
made  visible  by  the  strong  beam  of  light 
thrown  into  the  room  througli  the  ci-e- 
vice  of  the  shutter. 
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Q.  Why  is  the  gallery  of  a  CHUttCH  or  the- 
itre  HOTTEn  than  Ike  aisle  ot  pit  ? 

A.  Because  the  hot  air  ascends  from 
the  boltom  to  the  top  of  the  build ing ; 
while  cold  air  flows  to  the  bottom  from 
the  doors  and  windows. 

Q.  Why  do  persons  who  ascend  in,  balloons 
feel  inle:ise  pain  in  Iheir  eyes  and  ears  ? 

A.  Because  the  air  of  the  upper 
reg"ions  is  more  rarefied  than  lliat  on  the 
earth ;  and  the  air  inside  their  bodies- 
^seeking"  to  become  of  the  same  rarity) 
bursts  through  their  eyes  and  ears,  pro- 
ducing; intense  pain. 

Q.       Why  is  it  often  painful  and  difficult  tt, 

BREATHE,  on.  a  MOUNTAIN -TOP  ? 

A.  Because  tlie  pressure  of  air  on  the 
mountain-top  is  not  so  great  as  it  is  on 
the  plain;  and  the  air  inside  our  bodies 
(seeking"  to  become  of  the  same  rauty) 
bursts  through  the  pores  of  the  body  and 
produces  great  pain. 

Q.  Why  do  we  feel  oppressed  just  pkevious 
io  a  storm  ? 

A.  Because  the  air  is  greatly  rarefied 
by  Ileal  and  vapor ;  and  the  air  inside  us 
(seeking-  to  become  of  the  same  rarity) 
produces  an  oppressive  and  suffocating 
feeling'. 
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Q.  Why  do  oiVERS,  when  they  are  under 
water,  suffer  great  pain,  in  their  eyes  and  ears  ? 

A.  Because  the  air  at  the  battom  of 
the  sea  is  iiv>re  dense  than  the  air  on  tho 
m.rface  ;  and  (till  the  air  inside  the  diver's 
body  is  settled  into  the  same  density)  he 
feels  oppressed  with  pain,  especially  in 
the  ears. 

Q,  JVhy  is  this  pain  fell  especially  about  the 
EAUS  nfa  DiVEK? 

A.  Because  the  ear  is  fitted  with  a 
snuall  membrane  called  the  dfum^orlym'- 
panura),  through  which  the  dense  air 
burets:  The  rupture  of  this  membrane 
very  often  produces  incurable  deafness. 

When  the  diver  is  not  in  a  bell  the  dense  lealir  bursts 
Into  bis  ears  and  ruptures  the  tympanum. 

Q.       Why  do  mr  cokns  ache  jiisl  previous  to 

A.  Because  our  Jeet  swell  from  the 
sudden  depression  in  the  density  of  air; 
and  the  hard  corn  {not  being  elastic)  is 
painfully  stretched  and  pressed. 

Some  of  this  pain  is  due  to  electricity. 
Q.      How  do  you  know  that  the  density  cf  tkl 
air  is  loweredj  previous  to  a  storm  ? 

A.  Because  the  mercury  of  a  barome- 
ter rapidly /a//s. 

Q.       Why  do  cEi.t,KRs  fed  war«  in  winter? 

A.    Because  the  external  air  has  nol 
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free  access  into  them;  in  consequence  of 
whicii,  they  remain  atinost  at  an  even 
temjyerature — which  (in  winter  time)  is 
about  10  degrees  toarmer  than  the  ex- 
ternal air. 

Q.       Why  do  CBLLARs/eei  COLD  in  summer  ? 

A.  Because  the  external  air  lias  not 
free  access  into  them ;  in  consequence 
of  which,  tliey  remain  almost  at  an  even 
temperature — which  (in  summer  lime)  is 
about  10  degrees  colder  than  the  exter- 
nal air. 

Q.       Wht/  does  Am  rust  laoN  1 

A.  Because  the  oxygen  of  the  air 
combines  with  the  surface  of  the  metal, 
and  produces  oxide  of  iron;  which  is 
generally  called  "  rust." 

An  oxide  of  iron,  copper,  &n.,  ia  oxygen  In  combincUiun, 
with  iroa,  copper,  &c. 

Q,  Why  does  hot  iron  bualb  aiid  peel  off, 
when,  stTuck  wilk  a  iiammeu  1 

A.  Because  the  oxygen  of  the  air  very 
readily  unites  with  the  surface  of  the 
hot  iron,  and  forms  a  metallic  oxide  (or 
rust),  which  scales  off  when  struck  with 
a  hammer, 

Q       Iioes  iron,  rvst  in  dry  air  1 

A.  No;  iron  undergoes  no  change 
in  dry  air. 
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Q.  Why  do  STOVES  and  FinE-ino-vs  become 
ECSTY  in  rooma,  which  are  not  occupied? 

A.  Because  tlie  air  is  damp;  and 
moist  air  oxidizes  iron  and  steel. 

Oxidizea,  i,  o.,  ruata. 

Q.  In  what  <pwft  of  the  year  is  it  thos'.  difficuU 
to  !ic"p  STovKS  and  fike-irons  hrioht? 

A.     In  autumn  and  wintrr. 

Q.  Why  is  il  more  diffiatU  to  keep  stoves  and 
FiiiE-iROKs  bright  in  autumn  and  wlnter  than  in 
spring  and  summer  ? 

A.  Because  the  capacity  of  the  air 
for  holding  water  is  constantly  on  the 
decrease,  after  the  summer  is  over ;  in 
consequence  of  which,  vapor  is  deposited 
on  evei-ytliing  with  which  the  air  comes 
in  contact. 

Q.  Why  does  GRBASiBG  iron  prevent  Us  be 
coming  RUSTY  1 

A.  Because  grease  prevents  the  hu- 
midity of  air  from  coming  in  contact 
with  the  surface  of  the  iron. 

Q.  Why  do  not  stoves  rust  so  fTeqiwrUly  as 
pokers  and  tongs  ? 

A.  Because  stoves  are  generally  cov- 
ered with  plumbago,  or  black  lead. 

Q.       What  is  plumbago,  or  black  lead  ? 

A.     A  mixture  of  charcoal  and  iron. 

PhimLflgo  (stHctly  speaking)  is  a  chemical  union  of 
(ajiojsanif  inm.  in  the  followina:  Di-ODOrtioiis ;— 91  parte 
D  sc'd  in  s)iop3  is  « 
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N.  B.  A.  moat  excellent  varaisli  to  prevent  tust  >a 
made  of  1  pint  of  tat  oil  varnish,  mixed  with  !j  pints  of 
bighly  rectiflcd  spirits  of  turpentine,  rubbed  on  the  Iron 
or  steel  with  a  piece  of  sponge.  This  varnish  may  bo  ap- 
plied to  bright  stoves,  and  even  mathematical  instiumenls, 
without  iiyuring  their  delicate  polish. 

Q.  Why  does  ornamental  steel  [of  a  furple 
or  LILAC  c4)lor)  rust  more  readily  than  polished 
WHITE  aled  ? 

A.  Because  the  lilac  tinge  is  pro- 
duced by  partial  oxidation;  and'  the 
process  which  forms  rusts  lias,  therefore, 
already  commenced. 

Q.      Hum  can  lilac  steel  be  kepi  tree  from 

EUST? 

A.     By  keepin^^  it  in  a  very  dry  place. 
Q.      ^  DRY  AIR  contains  oxygen,  why  does  it 

A.  Because  moisture  is  always  need- 
ed, in  order  to  bring  into  action  the 
affinity  of  oxyg^en  for  steel. 

Q.  Do  any  other  mdala  [besides  iron)  comr 
bine  rapidly  wiik  oxygen,  ? 

A.  Yes  ;  copper,  lead,  mercury,  and 
even  silver  to  some  extent. 


Q.       Why  does  cop 

A.  The  tarnish  of  copper  is  caused 
by  its  oxidation :  that  is,  the  oxygen  of 
the  air  combines  with  the  surface  of  the 
copper,  and  (instead  ofrusting  it)  covers 
it  with  a  du?-k  tarnish. 

Q.  Why  does  lead  become  of  a  dasker  Aw 
by  being  exposed  to  the  air  ? 
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A.  Because  the  vapor  of  the  air  com- 
bines with  the  lead,  and  oxidizes  its  sur- 
face ;  but  instead  of  becoming  rustij,  the 
surface  assumes  a  darker  hue. 

Q.  Why  does  lead  lose  Us  brightness,  and 
become  dull,  iy  being  exposed  to  the  air  ? 

A.  The  dullness  of  the  lead  is  caused 
by  the  presence  of  a  carbonate  of  the 
oxide.  Wlien  the  oxide  is  formed,  it 
attracts  carbonic  acid  from  the  air,  and 
(corabiniiig  with  it)  produces  a  carbonate, 
which  g-ives  the  dull  tint  to  old  lead. 

Q.       Why  is  it  difficult  to  keep  silver  bright? 

A.  Because  the  vapor  of  the  air  oxi- 
dizes its  surface,  and  tarnishes  it, 

Q.  Why  do  silver  tea-pots  and  spoons  tar- 
nish more  quickly  than  sUaer  ore  or  bullion  ? 

A.  Because  alloy  of  some  baser  me- 
tal is  used,  to  make  them  more/iC!7'rf  and 
lasting;  and  this  alby  oxidizes  more 
quickly  than  silver  itself 

Q.  Why  does  German  silver  turn  a  dingy 
fellow  in,  a  few  hours  ? 

A.  Because  German  silver  has  a 
great  affinity  for  oxyg'en  ;  and  shows  its 
oxidation  by  a  sickly  yellom  tarnish,  in- 
stead of  rust, 

Q.  If  quicksilver  {or  mercury)  wUl  tarnish  lik 
copper  and  lead — why  does  it  preserve  its  brilliancT 

in  BAROMETEKS  and  THERMUMETEGS  ? 
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A.  Because  the  air  is  excluded  ;  and 
no  moisture  can  come  in  contact  wilb  it, 
to  oxidize  (or  tarnish)  it. 

Q,      Zi  GOLD  abided  by  the  atmosphere  ? 

A.  Not  readily ;  gold  will  never 
combine  with  oxygen  of  itself,  (i.  e., 
without  aid.) 

Q.  Which  of  lh£  uetals  is  capable  of  resisting 
oxtdiilioji  allogeUiet  ? 

A.  Platinum ;  in  consequence  of 
which,  the  graduated  arcs  of  delicate 
"instruments-forHDbservation  "  are  made 
of  platinum  instead  of  any  other  metal, 

Q.  Why  is  plat'inum  used  for  the  graduated 
arcs  of  delicate  mathematical  inslrutnenls,  instead  of 
any  oilier  metal  ? 

A.  Because  It  will  never  oxidize; 
but  retains  its  bright  surface  in  all  wea- 
thers, free  fi-om  both  rust  and  tarnish. 

Q.  Before  plal'inum  was  discoeered,  which  t^ 
the  melals  was  employedfor  the  same  purpose  f 

A.    Gold 

PlaCiniini  (a,  white  metal),  so  called  from  "  plata," 
Hie  Spaiiisli  word  for  silver.  It  was  introduced  fmnj 
Bouth  Amei'ica  into  England  liy  Mr.  Wood,  (A.  D.  1749.) 

Q.  For  what  other  sciENTmc  purpose  is  plat'- 
inum now  used? 

A.  For  crucibles  in  which  acids  are 
employed  :  and  for  galvanic  batteries. 

Q.  W/ij/  are  crucibves  [in  which  adds  art 
mploycd]  rr.ade  o/"  platinum  J 
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A.  Because  the  acid  would  act  upon 
otJiei-  metals,  or  upon  glass  ;  and  prevent 
the  expeiimenler's  success. 

Q,       Wh.uk  of  the  metals  kact  the  greatest 

^^7,it^  for  OXYGEHl 

A.  Those  called  potas'iium  and  so- 
dium. 

Poifls'siiim  and  so'dmnnierivetTieirwiraes  fiom  potash 
and  sodn.  Totas'sa  is  tlio  osidu  of  iiWaa'oiuia ;  and  soda 
is  tlie  oxide  of  ao'dium. 

Q.  How  is  the  affinity  of  '/wtas'siunt  and  so'- 
dium  for  oxygen  shown  ? 

A.  Tliey  decompose  water  immediately 
they  are  broug-ht  into  contact  with  it. 

Q.       What  EFFECT  has  totas'shtm  on  water? 

A,  It  catches  fire  the  moment  it  is 
thrown  into  water,  and  burns  with  a 
vivid  flame — which  is  still  further  in- 
creased by  the  combustion  of  hydrogen, 
separated  from  the  water. 

N.  B.  Water  is  composed  of  oxygon  and  hydrogen  j 
and  [lotos'sium  sejiaraies  tUc  tvro  gases. 

Q.       What  effect  Aos  so'oium  on  water  1 
A.     It  does  not  take  fire,  as  potassium 
does;  but  undergoes  very  rapid  oxida- 
tion. 

A.  No;  the  fui-r  (or  deposit  of  boil- 
ing- water)  is  a  precipitate  of  linvi  and 
mineral  salt,  separated  from  the  water 
by  the  process  of  boiling. 
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Q,      Is  not  this  niiiR  of  boiling  water  often 

D4NGEE00S ) 

A.  Yes;  especially  in  (»6u/ar6oi/ers, 
such  as  ihose  employed  in  railways. 

Q,  Why  is  this  furr  especially  troublesome 
in  RAILWAY  engines  ? 

A.  Because  it  is  a  had  conductor  of 
/leat;  in  consequence  of  which,  it  liin- 
dere  the  evaporating  effect  of  the  fire, 
and  prevents  the  economy  of  fuel. 

Q.  Why  is  this  FuaR  especially  DANOERona 
in  RAILWAY  engines  ? 

A.  Because,  when  it  is  deposited  in 
the  boilers,  they  are  likely  to  become 
over-lmated ;  and  then  explosion  will  take 
place,  from  the  sudden  generation  of 
highly  elastic  steam, 

Q.       Why  cannot  railway  engines  be  fed  with 

BRAOKISI!  WATER  ? 

A.  Because  brackish  water  contains 
mineral  salt ;  which  makes  a  much  lar- 
ger deposit  of  furr  than  water  which 
contains  only  vegetable  matters. 


b.  Google 


838  CARBONIC    ACID    GAS. 

CARBOmC  ACID  OAS. 

CHAPTER   XXI. 

Q.       What  is  cflEBONic  acid  gas? 

A.  A  g"as  formed  by  the  union  of 
carbon  and  oxygen  :  II  used  to  be  called 

"  FIXED  AIR." 

3  lbs.  c)f  carbon  and  8  11)3.  of  osygen  will  form  IT.  lbs.  of 
carbonic  acid. 

Q.  Under  what  circumstances  does  carbon 
moii  Tcad'dy  unite  wiilt  oxygen  ? 

A.  1st  —  When  its  temperature  is 
raised :  Thus  if  carbon  be  red-fiot,  oxy- 
gen will  most  readily  unite  with  it : 
and 

2dly— When  it  forms  part  of  the  fluid 
blood. 

Q.  Why  do  axygeii  and  carbon  so  readily 
unite  in  Ike  blood? 

A.  Because  the  atoms  of  carbon  are 
go  loosebf  attracted  by  the  otlier  materials 
of  the  blood,  that  they  unite  very  readily 
with  the  oxygen  of  the  air  inhaled. 
Q.  Is  carbonic  acid  wholesome  f 
A.  No;  it  is  fatal  to  animal  life; 
and  (whenever  it  is  inhaled)  acts  like  a 
narcotic  poison — producing-  drowsiness, 
which  sometimes  ends  in  death. 

Q,  How  can  any  one  know,  if  a  place  be  t* 
tested  with  oarbonio  acid  gas* 
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A.  If  a  pit  or  well  contain  carbonic 
acid,  a  canals,  (let  down  into  it)  will  be 
instantly  extinguished.  The  rule,  lliere- 
fore,  is  this — Where  a  candle  loill  burn^ 
aman  can  live;  but  wfmi  icill  extinguish 
a  candle,  will  also  destroy  life. 

Q,  Whi/  does  a  miner  lower  a  candle  into 
a  mine,  before  he  descends  ? 

A.  Because  the  candle  will  he  extin- 
guished, if  the  mine  contains  carbonic 
acid  gas:  but  if  the  candle  is  not  extin- 
guished, the  mine  is  safe,  and  the  matt 
may  fearlessly  descend. 

Q.       W/iy   does    a    crowded    eoom    produe* 

HEAD- AC  HE  1 

A.  Because  we  breathe  air  vitiated 
by  the  crowd, 

Q.       Why  is  the  wb.  of  a  room  vitiated  by  a 

CROWD  1 

A.  Because  it  is  deprived  of  its  due 
proportion  of  oxygen,  and  laden  with 
carbonic  add. 

Q.  How  is  the  air  of  a  roim  affected  thus  h$ 
a  crowd  ? 

A.  The  elejnents  of  the  air  inhaled 
are  separated  in  the  lungs  : — the  oxygen 
is  converted  in  the  blood  into  carbonic 
acid;  and  the  carbonic  acid  (together 
with  the  nitrogen)  is  thrown  back  again 
by  the  breath  into  the  room. 
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Q.         Is    ALL     the    NITROGEN     REJECTED     by    lAl 

A.  Yes;  all  the  nitrogen  of  tlie  air 
is  always  expired. 

Q.       Why  is  a  crowded  room  unwholesome  t 

A.  Because  the  oxygen  of  the  air  is 
absorbed  by  the  lungs;  and  carbonic 
acid  gas  (which  is  a  noxious  poison)  is 
substituted  for  it. 

Q,  MenlioYi,  ike  historical  circumstances,  so 
vkU  known  in  connexion  with  the  "  Black  Hole 
if  Calcutta." 

A.  In  the  reig:n  of  George  II.,  the 
Raja  (or  Prince)  of  Bengal*  marched 
suddenly  to  Calcutta,  to  drive  the  Eng- 
lish from  the  country;  as  the  attack  was 
unexpected,  llie  English  were  obliged 
to  submit,  and  146  persons  were  taken 
prisoners. 

Q.       What  became  if  these  prisoners  ? 

A.  They  were  driven  into  a  place 
about  18  feel  square,  and  15  or  IG  feet 
m  height,  with  only  two  small  gi'ated 
windows.  123  of  the  prisoners  died  in 
one  night ;  and  (of  the  23  who  survived) 
the  larger  portion  died  of  putrid  fevei-s, 
after  they  were  liberated. 

Q.       Why  were  so  many  persons  suppocated  in 


a  few  kmirSjjtosi  confirtimtnt  in  this  close.  Hot  pris- 
on-hole I 

A,  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lung's,  and 
its  place  supphed  by  carbonic  add,  ex- 
haled by  the  hot  breath. 

Q.       Why  did  the  captives  m  the  black  hole 

liw  SLEEPING? 

A.  1st— Because  the  absence  of  oxy- 
gen quickly  affects  the  vital  functions, 
depresses  the  nervous  energies,  and  pro- 
duces a  lassitude  which  ends  in  death  : 
and 

2d!y  —  Carbonic  acid  gas  (being-  a 
narcotic  poison)  produces  drowsiness  and 
death,  in  those  who  inhale  it. 

Q.  W%y  are  the  jungles  of  Java,  and  I/in- 
dostan  so  fatai.  to  life  ? 

A.  Because  vast  quantities  of  car- 
bonic add  are  thrown  off  by  decaying 
vegetables  in  these  jungles;  and  (as  the 
wind  cannot  penetrate  the  thick  brush- 
wood to  blow  the  pernicious  gas  away) 
it  settles  there,  and  destroys  animal  life. 

Q.  Wky  do  pei-soiis  in  a  cromded  CHuncn  fei-l 
Krowsy! 

A.     1st — Because  the  crowded  con- 
gregation inhale  a  large  portion  of  the 
oxygen  of  the  air,  which  alone  can  sus- 
tain vitality  and  healthy  action  :  and 
1] 
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2dly — The  air  of  the  church  is  im- 
preg^nated  with  carbonic  acid  gas,  which 
(being*  a  strong-  narcotic)  produces  drow- 
smess  in  those  wlio  inhale  it. 

Q.  W!ti/  do  PEitsoNS  who  are  miich  in  Ifu 
OPEN  AIR  enjoy  the  best  health  ? 

A.  Because  the  air  they  inhale  is 
mxich  mare  pure. 

Q.  Why  is  corNTBY  air  more  pure  than  Ike 
air  in.  cities? 

A.  1st — Because  there  are  fewer 
inhabitants  to  vitiate  the  air  : 

2dly— Tliere  are  more  trees  to  restore 
the  equilibrium  of  the  vitiated  air:  and 

3dly — The  free  circulation  of  air 
keeps  it  pure  and  wholesome :  (In  the 
same  way  as  running  slreanfis  are  pure 
and  wholesome,  while  stagnant  waters 
are  the  contrary.) 

Q.  Why  does  Ike  scantiness  of  a  cou-ntry 
POPULATION  render  the  country  air.  more  pure? 

A.  Because  the  fewer  the  inhabitants, 
the  less  carbonic  add  will  be  exhaled; 
and  thus  country  people  inhale  ^Mire 
OTijgen,  instead  of  air  impregnated  with 
the  narcotic  poison,  called  carbonic  acid 
gas. 

Q.  Why  do  TREES  and  flowers  help  to  maJu 
counlry  air  wholesome  T 

A.     1st — Because  trees  and  flowers 
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absorb  the  carbonic  acid,  generated  by 
the  !ung:s  of  animals,  putrid  substances, 
and  olber  obnoxious  exhalations:  and 

2dly— Trees  and  flowers  i-estore^to 
the  air  the  oxygen,  which  has  been  in- 
haled by  man  and  other  animals. 

Q,  WAff  is  the  air  of  cities  less  tcliolesome, 
than  couNTRV  air? 

A.  1st— Because  there  are  more  m- 
hahilants  to  vitiate  the  air  : 

2d!y — The  seiocrs,  drains,  bins,  and 
JiUh  of  a  city,  very  greatly  vitiate  the 
air: 

3d!y — The  streets  and  alleys  prevent 
a  free  circulation  :  and 

4thly — There  are  fewer  trees  to  ab- 
sorb tlie  excess  of  carbonic  acid  gas, 
and  restore  the  equilibrium. 

Q.  Why  are  PEBSONa,  who  line  in  close 
ROOMS  and  croiedtd  cities,  generally  sickly? 

A.  Because  the  air  they  breathe  is 
not  pure,  but  is  (in  t\ie  Ut  place)  defec- 
tive in  oxygen;  and  (in  the  2d)  is  im- 
pregnated with  carbonic  acid  gas. 

Q.  IVhere  does  the  cahbonic  acid  of  dose 
BOOHS  and  cities  coME/rom  ? 

A.  From  the  lungs  of  the  inhabitants, 
the  sewers,  drains,  and  other  like  places, 
in  wliich  organic  substances  are  under- 
g:oing  decomposition. 

I  .i.t.,  Google 


244  CAUBONIC    ACID    » 


Q.  What    BECOMES    of  the    CARBONIC    ACID   B^ 

eroindcd  cilia  1 

A.  Some  of  it  is  iihmvhud  by  vegeta- 
bles ;  aiid  llie  rest  i;^  hbwn  away  by  the 
wind,  and  diffused  through  the  whole 
volume  of  the  air. 


Q.  Does  not  this  constant  diffusion  of  carbonic 
acid  afftd  the  purity  of  the  whole  aih! 

A.  No;  because  it  is  wafted  by  the 
wiud  from  place  to  place,  and  absorbed 
in  its  passag-e  by  the  vegetable  world. 

Q.  ITAa;  is  CHOKE  DAMP? 

A.  Carbonic  acid  gas  accumulated  at 
the  bottom  of  wells  and  pits,  which  ren- 
ders them  noxious,  and  often  fatal  to 
life. 

Q.  Why  is  not  this  carbonic  acid  takek  dp  by 
the  AJR  and  diffused,  iw  it  is  in  cities  I 

A.  Because  (being  heavier  tlian  com- 
mon air)  it  cannot  iise  from  tJie  loell  or 
pit:  and  no  wind  can  get  to  it,  to  blow 
it  away. 

Q.  Why  are  tersons  sometimes  killed  6y 
leaning  over  beer  vats  ! 

A.  Because  vats  (where  beer  has 
been  made)  cootain  a  large  quantity  of 
carbonic  acid  g«is,  produced  by  the  "  vi- 
nous fermentation"  of  the  beer ;  and 
when  a   man   incautiously   leans  oner  a 
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beer  vat,  and  inhales  the  carbonic  acid, 
he  is  immediately  killed  thereby. 

Q.  Why  are  pecisons  oftert  killed,  leho  entet 
BEER  VATS  lo  clcaii  them? 

A.  Because  carbonic  acid  (being  hea- 
vier than  atmcispheiic  air)  often  rests  upon 
the  bMom  of  a  vat :  when,  tlierefore,  a 
person  enters  the  vat,  and  sloops  to  clean 
the  bottom,  he  inhales  the  pernicious  gas, 
which  kills  him. 

Q,  WTiff  are  pekson^s  sometimes  killed,  by 
having  a  charcoal  pire  in  their  bedrooms  f 

A,  Because  the  carbon  of  theburning 
charcoal  unites  with  the  oxygsn  oft'ie  air, 
and  forms  carbonic  acid  gas,  wliich  is  a 
narcotic  poison. 

Q.  If  carbonic  acid  seiUes  at  the  Eorrosr  of  a 
room,  how  can  it  injure  a  person  lying  upon  a  bed, 
raised  considerably  abone  the  floor  ? 

A,  Because  all  g^ases  diffusa  them- 
selves through  each  ot'ier,  as  a  drop  of 
ink  would  diffuse  itself  throug-h  a  cup  of 
water.  If,  therefoi'e,  a  person  slept  for 
6  or  8  hours  in  a  room  contaiuing  carbonic 
acid,  quite  enoug-h  of  the  g'us  will  be 
diffused  throughout  the  room  to  produce 
death. 

The  heal  of  the  lire  assists  tlie  process  of  diffosion. 
Q.       WAal  aie  lAe  chief  sources  of  cabbonia 


..  Google 


646  CARBONIC    ACID    GAS. 

A.     1st — The  breath  of  animals. 

2dly — The  decoiiiposition  of  vegetable 
and  animal  matter. 

3iJly — Lime-stone,  chalk,  and  all  cal- 
careous stones, — in  which  it  exists  in  a 
solid  form. 

Q,  Fram  which,  of  these  soarces  is  CAnBcstc 
ACm  Musl  likely  to  accuhulatg  to  a  noxious  exUrd  ? 

A,  From  the  fermentation  and  putre- 
faction of  decaying  vegetable  and  ani- 
mal matters. 

Q.       How  can  this  accumulation  of  carbonic 

ACill  be  PREVENTED? 

A.  By  ihrawing-  quick-lime  into  pla- 
ces, where  such  fermentation  and  pu- 
trefaction are  going  on. 

Q.  7/uc"  vjitl  qu[CK-LiMB  TREVENT  Ike  acca- 
midalion  of  carbomic  acid  1 

A.  Quick-lime  will  absorb  the  car- 
bonic acid  ;  and  produce  a  combination 
called  "  carbonate  of  lime." 

Q.  Does  not  heavy  rain  prevent  the  acci  md- 
LATioN  c/" CARBONIC  ACID,  as  Well  as  quick-lime? 

A.  Yes ;  an  abundant  supply  of 
water  will  prevent  the  accumulation  of 
carbonic  acid,  by  dissolvliig  it. 

N.  B.  Red  heat  (as  a  pan  of  red-bot  coals,  or  a  picai 
of  ved-hol  iron)  will  soon  absorb  the  caibouic  add  gai, 
t<x;umulated  in  a  pit  or  woll. 

Q,  H'Tial  effed  has  carbonk;  acid  on  the  wa- 
ter in  which  it  is  dissolued? 
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A.  It  renders  it  slig-htly  acid  to  the 
taste. 

Q.  Can  the  capacity  of  icaleT  for  dissolving 
carbonic  acid  be  increased  ? 

A.  Yes.  Carbonic  acid  may  be/orced 
into  water  by  pressure  ht  a  considerable 
extent. 

Q.  To  what  practical  uses  has  this  capacity 
ofivater  {for  dissolving  carbonic  add)  been  applied? 

A.  Effervendng  draughts  are  made 
upon  this  principle. 

Q.  Explain  the  cause  of  EPFEavESCENCE  in 
these  beverages  ? 

A.  Tile  carbonic  acid  of  the  beverag;e 
(being'  prevented  by  the  cork  from  es- 
caping) is.  forced  into  the  liquor  by  pres- 
sure, and  absorbed  by  it:  but  when  the 
cork  (or  pressure)  is  removed,  some  of 
the  carbonic  acid  flies  off  in  bubbles  or 
cjfcrvcscejice. 

Q.  Why  does  AERATED  WATER  effeTVCSce  when 
the  CORX  is  revioBed? 

A.  While  the  bottle  remains  cork- 
ed, carbonic  acid  k,  forced  into  the  water 
by  pressure,  and  absorbed  by  it :  but, 
wtien  the  cork  {or  pressure)  is  removed, 
some  of  the  carbonic  acid  flies  ofT  iu 
effervescence. 

Q.       Why  does  soda  water  effervesce  f 

A.    In  soda  water  there  is  forced  8 


times  its  own  bulk  of  carbonic  acid  gas, 
which  makes  its  escape  in  efftrDesc-mcA^ 
as  soon  as  tlie  cork  is  removed. 

Q.  Why  does  ginger  pop  fl^  about  in  frolh, 
when  Ihe  string  of  the  cork  is  cut  ? 

A.  Because  it  contains  carbonic  acid 
gas.  While  the  corfe  is  ^/osi^,  the  carbonic 
acid  is  forced  into  the  liquor  ;  but  wlien 
the  pi'esnure  is  removed  the  gas  is  given 
off  in  effei-vescence. 

N.  B.  All  vinous  fermentation  produces  carbonic  acid. 
Q.       Why  does  bottled  ki.^  froth  More  than 

DRAUGHT  ale  J 

A.  Because  the  ^essure  is  greater 
in  a  h(AtU  than  in  a  tub  which  ii  contin- 
ually tapped ;  and  effervescen'w  is  al- 
ways increased  by  pi-esswc. 

Q,       What  produces   the   froth    of  bottj.sd 

A.  Carbonic  acid  generated  by  the 
vinous  fermentation  of  the  poiier  :  This 
gas  is  absorbed  by  tlie  Ik/nor,  so  long  as 
the  bottle  is  well  corked;  but  is  given  off 
in  froth,  when  the  pressure  of  the  cork  is 
removed. 

Q.  What  gives  the  pleasant  acid  UiSle  to  soda 
uater,  ginger  beer,  champagne,  and  cider  ? 

A.  The  presence  of  carhoiAc  acid, 
generated  by  fermentation ;  and  liberal- 
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ed  by  eirervescence,  when  the  pressure 
of  the  cork  is  removed. 

Q.  Why  does  fresh  sfring  water  sparkle, 
when  poareil  front  one  vessel  to  another  t 

A.  Because  fresh  spring-  and  pump 
waler  contain  carbonic  acid  ;  and  il  is 
die  presence  of  this  g'as  which  makes 
the  water  sparkle. 

JIuch  of  t!ie  fioth  and  biiLblmg  of  ale,  boer,  wjteh, 
&c.,  ivlii;ii  Ihty  ai'e  "  poured  higU,"  is  due  to  simple  me- 
chaiikat  uclioii. 

Q.       Whai  is  the  fekmentation  of  beer  and 

WINE  1 

A,  The  escape  of  carbonic  acid,  pro- 
duced by  the  chano^e  o(  sugar  into  aico- 
hot. 

Q.       What  M  ALCOHOL  T 

A.  The  spirit  of  beer  and  wine, 
obtained  by  fennentalion. 

Q.       Of  what  ELEMENTS  is  al'cohol  composed? 

A.     Of  carbon,  oxygen,  and  liydrogen. 

Of  Ai-'coHoi.,  4  parts  are  carbon,  2  oxygen,  and  0  hydrogen. 
Q.       What  arethe  elements  of  grape  sugar! 
A.     Carbon,  oxygen,  and    liydrogi;n, 
all  ill  equal  proportions. 

Q.       What  CHANGES  does  buoar   v.ndergo  by 


A.  It  is  first  decomposed,  and  then 
its  elements  re-unite  in  different  propor- 
tions, producing  al'coltol,  carbonic  add, 
and  wuicr. 

II* 
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N.  B.    "  Anhydrous  sugar"  is  sugar  dried  at  300° 

Q.  How  does  sugar  form  ai-'cokol  by  fermen- 
tation ? 

A.  Tioo-thirds  of  its  carbon  and  one- 
third  of  its  oxyg"en  re-unite  with  the 
hydrogen,  and  generate  alcohol. 

Q.  How  does  suGAK  form  cakbonic  acid  i) 
fermentation  ? 

A.  The  remaining  one-third  of  ita 
carbon  and  two-thirds  of  its  oxygen  re 
unite,  and  generate  carbonic  add. 

Q.  What  BECOMES  of  the  al'cohol  which  is 
thus  generated  by  fermeMation  ? 

A.  It  mixes  with  the  icater,  and 
forms  the  intoxicating  part  of  beer  and 
wine. 

Q.  What  becoates  of  the  caubonic  acid,  lehick 
is  generated  by  fermenlalion  ? 

A.     It  makes  its  escape  into  tlie  air. 

Q.  Whr/  is  EAKLEY    MALTED  ? 

A.  Because  germination  is  produced 
by  the  artificial  heat;  and  in  germina- 
tion, the  starcJi  of  the  grain  is  converted 
into  sugar. 

!■  .i.t.,  Google 


BARLEY YEAST.  251 

Q.      Hew  is  barley  mailed? 

A.  It  is  moistened  with  loatcr,  and 
heaped  ap  ;  by  which  means,  great  heal 
is  produced,  which  makes  the  barley 
sprout. 

(See  "  spontaneous  combustion.") 
Q.       Why  is  not  the  barley  suffered  to  grow 
OS  vieli  as  apaouT  ? 

A.  Because  plants  in  the  germ  con- 
tain more  sugar  than  in  any  other  state  : 
as  soon  as  the  g"erm  puts  forth  shoots,  the 
sugar  of  the  plant  is  consumed,  to  sup- 
port the  shoot. 

Q,  HoVI  is  BARLEY  PREVENTED  ftOm  SHOOT- 
ING in  the  process  o/" malting  ? 

A.  It  is  put  into  a  kiln,  as  soon  as  il 
sprouts  ;  and  the  heat  of  ttie  kiln  checks 
or  destroys  the  young  slioot. 

Q.       H'Aa^w  YEAST? 

A.  The  foam  of  beer  (or  of  some 
similar  liquor)  produced  hy  fermentation. 

Q.       Why  is  YEAST  used  in  brewing  ? 

A.  Because  it  consists  of  a  substance 
called  g'lu'ten,  undergoing-  putrefaction ; 
in  which  state  it  possesses  the  peculiar 
property  of  exciling  fermentation. 

XT  the  gluten  were  not  in  a  patreiying  state,  it  could 
Bot  produce  formentalion. 

Q.       Whal  is  glvlten  ? 

A.    A  tough,  elastic  substance,  com- 


posed  of  carbon,  oxyg-en,  hydix)g^en,  and 
nitrogen. 

Q.      Does  MAi,T  contain  gluten  ? 

A.  Yes.  The  infusion  of  malt,  cailed 
"sweet-wort"  contains  an  abundance  of 
glu'ten;  and  tlie  yeast  (which  converts 
its  sugar  into  al'coliol)  converts  this  glu'- 
ten into  yeast. 

Q.  Why  is  YEAST  needful  iit  order  to  mala 
vtall  into  beer,  1 

A.  Because  the  presence  of  a  putre- 
fying' body  containing:  nitrogen  is  essen- 
tia!, in  order  to  convert  sugar  into  al'- 
cohol. 

Q.       What  FTFECT  has  yeast  upon  the  hweet- 

A.  It  causes  the  sugar  to  be  con- 
verted into  al'coliol  and  carbonic  add; 
and  its  GLUTEN  into  yeast. 

Q.       What  change  is  produecl  in  gluten  by  Tn- 

TBEFACTEON  1 

A.  Its  elements  are  loosened  from 
their  former  conditions  of  combination, 
and  re-arrang-ed  (with  the  addition  of 
oxygen  from  the  air)  into  a  new  series. 

Q.       What  is  the  difference  between  fersien- 

lATION  and  PUTREFACTION  1 

A.  Fermentation  is  a  chang-e  ef- 
fected in  the  elements  of  a  body  com- 
posed of  carbon,  oxygen,  and  hydrogen, 
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w'Uliout  nitrogen.  Putrefaction  is  a 
change  effected  in  the  elements  of  a 
body  composed  of  carbon,  oxygen,  hy- 
droo"en,  and  nitrogen. 

Q.  W/ial  NEW  COMPOUNDS  are  producea  tty 
the  change  called  fermentation? 

A.  Al'coliot  and  carbonic  octti!.— Tiie 
alcohol  is  still  further  changed  {unless 
the  process  be  cliecked)  into  acetic  acid 
or  vinegar. 

Q.  What  new  compounds  are  produced  by  the 
change  called  putrefaction? 

A.  The  carbon,  oxygen,  hydrogen, 
and  nitrogen,  of  the  original  substance 
(being  separated  by  decomposition)  re- 
unite in  the  following  manner.  1.  Carbon 
and  oxygen  unite  to  form  carbonic  acid. 
2.  Oxygen  and  hydrogen  unite  to  form 
water.  3.  Hydrogen  and  nitrogen  unite 
to  form  ammonia. 

Hartshern  is  a  solufion  of  ammonia  in  wafer. 
N,  B.  IVhun  liodles  containing  sulphur  and  phosplionis 
pntreiy,  the  fidplaur  and  phosjfi^rus  unite  with  kyd-ro^c^, 
and  foiTQ  sidplcarelled  and  phosplmmtled  kydtDgea  gases. 

Q.  What  BECOMES  of  these  several  products  tf 
fuirefaclion  ? 

A.     Tliey  are  all  elastic  bodies,  and 
e  into  the  air. 


N.  B.   Waler  is  clastic  and  gaseous  when  in  tlie  comil- 
tf on  of  ropw. 

Q.       Whal  is  the  cause  of  Ike  offensive  BHell 
which  issues  from  pvircfying  bodies  ? 

..oogic 
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A.  The  evolution  of  ammoniu,  or  of 
sulphuretted  and  plwspkuretted  hydwgen 
gases ;  uU  of  which  have  pungent  and 
offensive  odors. 

Q,       Why  do  boiled  eggs  discolor,  a  silver 

SPOON  % 

A.  Because  they  contain  a  small 
portion  of  sulphur,  which  unites  icith  the 
silver  (fi)r  which  it  has  a  great  affinity) 
and  tarimhcs  it. 

Both  tfic  white  and  yolk  contain  Ealphur— the  latter 
more  abundant  ly. 

Q,  What  causes  the  offensive  smell  of  stalb 
haTd  boiled  EGGS? 

A.  The  hydrogen  of  the  egg  combin- 
ing' with  the  sulphur  and  phosphorus, 
form  sulphuretted  and  phosphuretted  hy- 
drogen ;  both  of  which  gases  have  an 
offensive  odor. 


Q.  W-^y  is  il  kot  needful  to  put  yeast  into 
GRAPE  juice,  in  order  to  produce fermetitation  ? 

A.  Because  grape  juice  contains  a 
sufficient  quantity  of  a  nitrogenized 
Bubstance  (like  yeast)  to  produce  fermen- 
tation. 

Nitrogenized,  i.  e.,  containing  nitrogen. 
Q,      Why  do  NOT  ORAFES  ferment,  while  Ihef 
Itang  on  the  vine  { 
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A.  Because  the  icater  of  the  juice 
&va[Porates  through  the  skin,  and  allows 
the  grapes  to  shrivel  and  dry  up,  after 
they  are  ripe. 

Fermentation  cannot  occur  unless  the  sugar  ba  dissolved 
In  a  Bufficieiit  quantity  of  wafer. 

Q.       What  is  Ihe  fboth  ot  scum  of  fermenttd 

LIQUORS? 

A.  Putrefying-  glutinous  substances 
(of  a  nature  similar  to  yeast),  which  rise 
to  the  surface  from  their  lightness. 

Q.       Why  is  SEEK  FLAT  if  the  cask  be  Uft  open 

A.  Because  too  much  of  the  carbonic 
acid  gas  (produced  by  fermentation)  is 
suffered  to  escape. 

Q,  Why  are  HEES-and  poster  made  stale  b}- 
being  exposed  to  the  aiu  1 

A.  Because  too  much  of  the  carbonic 
acid  gas  (produced  by  fermentation)  is 
suffered  to  escape.- 

Q,  Why  does,  beer  turn  flat  if  the  vent  peo 
be  left  out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas  es- 
capes through  the  vent  hole. 

Q.  Why  wilt  not  beer  run  out  of  the  tub  ti& 
the  VENT  PEG  is  taken  out? 

A.  Because  the  upward  pressure  of 
ihe  external  air  (admitted  through  the 
tap]  holds  the  liquor  back — not  being 
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counterbalanced  by  any  pressure  of  air 
on  ihe  surface  of  tlie  liquid. 

The  npKard  pi-cssnre  of  air  is  illustrated  hy  the  follow- 
ing simple  expfjriniunt : — Fill  a  wino  glass  widi  i»ater; 
cover  thu  top  of  the  glasa  with  s  pica!  (if  iiTiting  paper 
turn  the  gliiJJS  tipsiile  down,  and  tliu  watur  ivill  nut  run 
out.  Ttie  paper  is  used  morelj  to  give  the  air  a  medium 
Bufflcieotly  dense  to  act  against. 

Q.  Why  does  the  beer  kdn  fkeely,  immtr 
diately  the  ve.iit  peo  is  taken  out  ? 

A.  Because  air  rushes  immedialely 
through  the  vent  hde  at  the  tap  of  tJie  tub, 
to  counterbalance  the  air  admitted  by 
the  tap ;  in  consequence  of  whicli  the 
liquid  escapes  by  its  own  downward 
pressure. 

Q.  Why  does  liquor  flow  rdndantly  oui  of  c> 
BOTTLE  held  upside  down  ? 

A.  Because  the  upward  pressure  of 
the  air  prevents  the  liquor  from  flowing 
out. 

Q,  Why  should  a  bottle  he  held  odliquelt  in 
order  to  be  emptied  of  its  liquor  ? 

A.  Because  air  will  then  flow  into 
the  bottle,  and  help  the  liquor  out,  by 
counterbalancing  the  upicard  pressure. 

Q,  Why  does  teine  {■poured  from  a  bottle 
quickly)  spirt  about;  wilhoiU  going  into  tht 
decanter  ? 

A.  Because  it  fills  the  top  of  the  de- 
carder  (like  a  cork),  and  leaves  no  room 
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for  the  air  inside'  to  escape  ;  the  decanter, 
therefore,  (being'  /till  of  «»•)  refuses  to 
admit  tiie  icine. 


Q.       WA.f  does  the  effervescence  of  soda  water 
aiid  ginger  beer  so  soon  go  off? 

A.    Because  the  carbonic  acid,  (which 
produced  the  effervescence)  very  rapidly 
into  the  air. 


Q.       Wky  is  BOILED  WATER  FLAT  and  insipid  ? 

A.  Because  tlie  wliole  of  the  carbonic 
add  is  expelled  by  boiling,  and  escapes 
into  the  air. 

Q.       Why  does  yeast  make  bread  light  1 

A.  Because  it  produces  a  species  of 
fermentation  on  the  starch  and  glu'len 
of  flour,  as  it  does  in  the  sugar  of  malt. 

Q.  IIoiV  does  FERMENTATION  OToAe  Ike  DOUGH 
KtS£? 

A.  During-  fermentation,  carbonic  acid 
gas  is  evolved;  but  the  sticky  texture  of 
the  dough  will  not  allow  it  to  escape; 
so  k  forces  up  little  bladders  all  over  the 
dough. 

Q.       Why  is  DovGH  placed  before  the  fire  I 
A.     1st — Because  the  heat  of  the  &T& 
increases  the  fermentation;  and 

Sdly — It  expands  tlie  gas,  confined  io 
the  little  bladders;  in  consequence  of 
whichj  the  bladders    are  enlarged,  and 
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the  dough  becames  lighter  and  more  po- 
rous. 

Q.  IVkl/  is  BKEAD  HEAVY,  if  lh&   doUgk  bt   Tt- 

moBedfrom  ihefire? 

A.  Because  the  dough  gets  cold,  and 
then  the  air  iti  the  bladders  condoises — 
the  paste  falls — and  the  bread  becomes 
cicee  and  heavy. 

Q.  What  causes  the  heat  of  fire  1 
A.  The  carbon  of  fuel  (when  heated) 
combines  with  the  oxygen  of  the  air,  and 
produces  carbonic  acid  gas:  Again,  the 
hydrogen  of  the  fuel  combining  with 
oth&r  jiortions  of  oxygen,  condenses  into 
water ;  by  which  chemical  actions  heat 
is  evolved. 

Q.       What  causes  the  heat  ef  our  own  body? 

A.  The  carbon  of  our  hlo^xl  combines 
with  the  oxygen  of  the  air  inhakd,  and 
produces  carbonic  acid  gas ;  which 
evolves  heat  in  a  way  similar  to  burn- 
ing fuel. 

Q,       Wlnnce  does    the   heat  of  a  dunghill 

A.  As  the  straiOj  &c.,  of  the  danghiU 
decays,  it  imdergoes  fermentation,  which 
produces  carbonic  acid  gas;  and  heat  is 
evolved  by  a  species  of  combustion,  (as 
in  the  two  former  cases.) 
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Q.  JIbw  doES  the  formation  of  careonzc  acid 
(in  all  thfSf.  cases)  produce  heat  1 

A.  Carbonic  acid  has  less  power  of 
holding  latent  heat  than  carbon  and  oxy- 
gen  have :  When,  therefore,  these  ele- 
ments are  changed  into  carbonic  acid, 
latent  heat  is  given  oiF,  and  made  sensible. 

Q,  TPS.y  da  persons  throw  lime  iulo  bins  and 
BEWERS,  to  PREVENT  IheiT  offeiisive  SMELL,  iit,  sum- 
vter  tiTii,:  ? 

A,  Because  they  contain  large  quan- 
tities 0^  carbonic  acid  gas,  which  readily 
combines  icith  lime  ;  and  producing  "  car- 
bonate of  lime,"  neutralizes  the  offensive 
g-ases. 

Q,  Whi/  should  WATER  {used  for  washing)  be 
exposed  lo  the  air  ? 

A.  Because  it  is  made  more  soft  by 
exposure  to  the  air. 

Host  spring  water  holds  iimc  in  solution  aa  a  bicarbon- 
ate, in  consequence  of  the  prcacnce  of  aliundant  carbonic 
acid,  Caibonic  acid  escapes  by  exposure  to  aii — and  the 
lime  is,  uoQsequcntly,  dapositeci  aa  a  carbonate. 

Q.  W%y  h  hard  water  made  more  soft  bp 
exposure  to  air  ? 

A.  1st— Because  the  mineral  salts 
(which  cause  its  hardness)  subside:  and 

2dly — Because  the  carbonic  acid  of 
the  water  makes  its  escape  into  the  air, 

Q.      How  is  the  cwrbonic  add  of  water  '/ro 
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A.  From  the  presence  of  li7ne,  which 
is  frequently  held  in  solution  by  hard 
watei' :  When  the  carbonic  acid  escapes 
by  exposure  to  the  air,  the  lime  is  depos- 
ited &s  a  carbonate. 

Q.  W/ty  is  HARD  WATER  mere  agreeahU  to 
DRiMK  than  sofl  water  T 

A.  Chiefly  because  it  contains  car- 
bonic acid. 

Q,  Why  is  water  fresh  from  the  pump  mtrre 
BPABKLiNG,  than,  after  it  has  been  drawn  some  timeT 

A.  Because  water  fresh  froin  the 
pump  contains  carbonic  acid,  which  soon 
escapes  into  the  air,  and  leaves  the  wa- 
ter flat  and  stale. 

Q.  Why  is  QUicK-LiMB  formed  by  barnirig 
chalk  and  marl  in  a  kiln  ? 

A.  Because  itie  carbonic  acid  (which 
rendered  it  mild)  is  driven  off  by  the 
heat  of  the  kihi :  and  the  Ume  becomes 
([nick  or  caustic. 

Q.       What  is  mortar  ? 

A.  Quiclf-lime  mixed  with  sand  and 
water. 

Q.  Wherein  does  lime-stone  difer  in  appear 
ance  from  quicklime! 

A.  Lime-stone  is  a  hard,  roclcy  sub- 
stance; but  4UICK-L1.ME  a  loose  ^(Hcrfer, 

Q.       Why  does  moetar  become  hard  ajier  at  fete 
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A.  Because  the  lime  re-iinbibcs  from 
the  air  the  carbonic  acid  which  had 
been  expelled  by  fire  ;  and  the  loose  pow- 
der again  becomes  as  hard  as  the  origi- 
nal Unie-stone. 

Q.      Explain  in  what  vjay  mortar  is  adhesive. 

A.  When  the  carbonic  acid  is  expel- 
led, the  Iiard  litne-stone  is  converted  into 
a  loose  poicdcr,  which  (being  mixed  with 
sand  and  water)  becomes  a  soft  and 
sticky  plaster ;  but  as  soon  as  it  is  placed 
between  bricks,  it  imbibes  carbonic  acid 
again,  and  liordens  into  Ume-stone. 


CARBURETTED  HYDROGEN  GAS. 
CHAPTER   XXII. 

Q.       IVhal  is  cuoke-damp  ? 

A.  Carbonic  acid  gas  accumulated 
at  the  bottom  of  wells  and  pits.  It  is 
called  CHOKE  damp,  because  it  chokes  (or 
suffocates)  every  animal  that  attempts  to 
irdiakit.    (&e;;.  238.) 

It  suffocates  withont  getting  into  tho  bmgs,  by  closing 
lie  outer  oiilice  spasmadicaUi/. 

Q.       What  is  marsh-gas  or  FiRE-UAMr  1 

A.      Carburettcd  hydrogen  gas   accu- 
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mulated  on  marshes,  in  stagnant  waters, 
and  coal-pits  ;  it  is  frequently  called 
"inflammable  air." 

Q.  What  is  CAEEUR.ETTI.D    HYDKOGEH    OAS  ? 

A.      Carbon  combined  with  ktjdrogen. 

Q.  How  raay  caeburetted  hydeoqen  oas 
ie  PEOCORED  oil  marshes? 

A.  By  stirring  the  mud  at  the  bottom 
of  any  stagnant  pool,  and  collecting  the 
g^as  (as  it  escapes  upwards)  in  an  in- 
verted glass  vessel. 

Q.       What  is  COAL  GAS? 

A.  Carbwelted  hydrogen,  extracted 
from  coals  by  the  heat  otjire. 

Q.  Why  is  cwrhurdted  hydrogen  gas  calUd 
FiKE-DAMP  or  iiijlammable  air  ? 

A.  Because  it  very  readily  catches 
Jire  mid  explodes,  when  a  light  is  intro- 
duced to  it. 

Provided  atmospheric  air  be  present. 
Q,       Why  is  carburetted  hydrogen  gas  frequent 
(3/  called  MAasii-GAS  ? 

A.  Because  it  is  generated  in  meur 
dotes  and  marshes  from  putrefying  vege- 
table substances. 

See  ignis  fatuus,  p.  266. 
Q.       WhiK  gas   is  evolved  by  the  wick  of  a 

A.  Carburetted  hydrogen  gas :  The 
carbon  and  hydrogen  of  llie  tallow  co;n- 
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bine  into  a  gas  from  the  heat  of  the 
flame ;  and  this  gas  is  called  carburetled 
hydrogen  or  inflammable  air. 

Q.       Wky   do    COAL-MINES  so  freqvintly   ex- 

A.  Because  the  carburdled  hydrogen 
gas  (which  is  generated  in  these  mines 
by  the  coals)  explodes,  when  a  light  is 
incautiously  introduced. 

Q.  How  can  miners  see  in  the  coal-pits  if 
they  may  n^iter  introduce  a  light  ? 

A.  Sir  Humphrey  Davy  invented  a 
lantern  for  the  use  of  miners,  called  "  the 
Safety  Lamp,"  which  may  be  used  with- 
out danger. 

Q.       Who  was  Srit  Hchphrey  Davy? 

A.  A  very  clever  chemist,  born  in 
Cornwall,  1778,  and  died  in  1829. 

Q.       What  kind  of  Iking  is  the  safety-lamp? 

A.  A  kind  of  lantern,  covered  wlih  a 
Jine  gauze  wire,  instead  of  glass  or  horn. 

Q.  How  does  this  fine  gauze  wiee  prevent  an 
EXPLOSION  in  the  coal-mine  ? 

A.  By  preventing  the  flintie  of  the 
lamp  from  communicating  with  the  in- 
flammable gas  of  the  mine. 


Q.       Why  will  not  flame  pass  theouqm  mtj 
fine  vnre  gauze  % 
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A.  Because  the  metal  wire  is  a  very 
rapid  comluclor  of  heat ;  and  when  the 
flame  (of  g-as  burning  in  the  lamp)  reach- 
es the  wire  gfauze,  so  much  heat  is  con- 
ducted aicmj  by  the  imre,  that  the  flame  is 
extinguished. 

Q.  Doei  the  gas  cf  the  coavpit  get  theougu 
the  wire  gauze  into  ilte.  lantep.n  ? 

A.  Yes ;  and  the  inflammable  gas 
ignites,  and  burns  inside  the  lamp :  As 
soon  as  this  is  the  case,  the  miner  is  in 
danger,  and  should  withdraw. 

Q.  Why  is  the  miner  in  danger  if  Ike  gas  iff- 
niles  and  burns  in  tlie  inside  oftlte  safrij/  lamp  ? 

A.    Because  the  heat  of  the  burning 

gas  will  soon  destroy  tfte  loire  gauze  ;  and 
then  the  flame  (being  free)  will  set  fire 
to  the  mine. 

N.  B.  Wlien  the  carbnreftod  hydrogen  gas  lakes  Are 
from  llio  miner's  candlu,  tlio  iiiin(;r  nunn'tiiin^s  [)eris1iea  In 
tbiiMasli?/lksJtame,anAsoract\i'a<:sinni:is  sifficaiian  Ttom 
the  carboaic  acid  ivhich  is  tlius  pruducod. 
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CHAPTEE   XXIII. 

Q.  Front  what  do  the  very  offensive  t.yfus- 
VIA  of  cHURca-YARDs  ariss? 

A.  From  a  gas  called  phospiiuret- 
TED  HYDROGEN  ;  whicli  IS  pkosphorus 
combined  witJi  hydrogen  gas. 

Q.       UTial  is  rnosnioKus  ? 

A.  A  pale  amber-coloved  substance, 
resembling:  wax  in  appearance.  The 
word  is  derived  from  two  Greek  words, 
which  mean  "  to  produce  or  cany  Ugltt." 

Q,      How  is  PHosPHomra  obtajneb  ! 

A,  By  healing"  bones  to  a  white 
heat;  by  which  means,  the  animal  mat- 
ter and  charcoal  are  consunud,  and  a 
substance  called  "pliospluite  of  lime"  is 
left  behind. 

Q.       What  is  the  PirosrnATB  op  lime  1 

A.  Pliosphoi-us  united  to  oxygen  and 
lime ;  when  sulphuric  acid  is  added,  and 
the  mixture  heated,  the  lime  is  attracted 
to  the  acid,  and  pme  phosphorus  remains. 

If  powdered  elmrcoal  be  added,  phoaphoms  may  bo 
procured  by  distillation. 

Q,  Of  vikat  is  the  igniiibU  purl  of  lucifeb 
MATCHES  made  ? 

12 
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A.  Of  phosphorus  :  and  above  250 
thousand  lbs.  are  used  every  year  in 
London  alone,  merely  for  the  manufac- 
ture of  lu'.ifer  matches. 

Q.  Why  dons  a  PUTE.EFVINO  dead  eodi 
SMELL  so  ojfensively  ? 

A.  Because  phosphuretlcd  hydrogen 
gas  always  rises  from  putrefying-  animal 
substEinces. 

Tho  ustapG  of  amaumia  and  s^dphmreUed  liydrogen  oon- 
triliutes  ulau  to  tliis  offensive  effluvia. 

Q,  What  is  the  cause  of  the  ignis  fatdbs, 
Jack  o'Lanlern,  or  Will  o'the  Wisp? 

A.  This  luminous  appearance  (which 
haunis  meadows,  bogs,  and  marshes) 
arises  from  the  gas  of  putrefijing  animal 
and  vegiitahle  substances  ;  especially  from 
decayin.'j"  fish. 

Q.  What  gases  arise  from  these  PTiTBErymo 
sahstances  ? 

A.  Phosphuretted  hydrogen  from  pu- 
trefying: (mwrtfl^  substances;  and 

Qtiburettcd  hydtvgen,  from  decaying 
vegetable  matters.     (&e  p.  263,) 

Q.  How  is  the  gas  of  the  ignis  fatuus  ignited 
<m  bogs  and  meadows  ? 

A.  Impure  phosphuretted  hydrogen 
bursts  spontaneously  into  flame,  whenever 
it  mixes  with  air  or  pure  oxygen  gas, 

PiiTc  ]iLop])liurettcd  hydrogen  will  m/i  ij;iiile  spontane- 
ously— Lliis  spontaneous  ignition  ia  due  to  the  presence  oi 
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*  small  quantity  i)f  the  vapor  of  an  exceedingly  volalila  li- 
quid-compound of  pliosplioriw  witli  liyiirogtin,  wbich  is 
ocCTsionally  proiliiced  with  Ihe  gas  itself. 

If  plioajijiuiiis  be  boiled  with  inillcof  l)me,  and  the  beak 
of  the  retort  be  placed  under  water,  bubbles  of  pliosjiliuret- 
ted  hydrogen  will  rise  auccesaively  through  (he  water,  and 
{on  reaching;  the  surface)  burst  into  flame. 

Q.  T^'Jiy  does  an  ignis  faiuus  or  Will  o'lAe 
Wisp  FLY fioia  as  icheii  we  run  to  meet  it  ? 

A.  Because  we  pi-oduce  a  current  of 
air  in  front  of  ourselves,  (wlien  we  run 
towards  the  ignis  fatuus)  which  drives  the 
light  gas  forwards. 

Q.  Why  does  an  ign.is  fatuus  run  after  hj 
when  we  flee /rem  il  in  a  fright  T 

A.  Because  we  produce  a  current  of 
air  in  the  way  we  run,  which  uUracts  the 
light  gas  in  the  same  course;  drawing  it 
ajter  us  as  we  run  away yrom  it. 

Q.  Is  not  a  kind  of  Jack  o' Lantern  sometimes 
■produced  by  an  iksect  ? 

A.  Yes  ;  swarms  of  luminous  insects 
sometimes  pass  over  a  meadow,  and 
produce  an  appearance  similar  to  the 
ignis  fatuus. 

Q,  May  not  many  ghost  stories  have  arisen 
from  some  igids  fatuus  lurking  about  church-yards  t 

A.  Perhaps  all  the  ghost  stories 
(which  deserve  any  credit  at  all)  have 
arisen  from  the  ignited  gas  of  church- 
yards, lurking  about  the  tombs ;  to  which 
fear  has  added  its  own  creations. 
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Q.       naat  is  wjND  1 

A.     Wind  is  air  in  motion. 

Q.       What  ruTS  the  air  in  motion,  so  as  to  pro- 

A.     The    principal    causes    are     tlie 

variations  of  heat  and  cold,  produced  by 
the  succession  of  day  and  night,  aud  of 
the  four  seasons. 

Q.       WMl  effect  has  heat  upon  the  air  ? 

A.  Heat  rarefies  the  air  and  causes  it 
to  expand, 

Q.      IIow  do  you,  KNOW  that  keat  causes  the  air 

A.  Thus,  if  a  bladder  half  full  of  air 
(tied  lig-ht  round  the  neck)  be  laid  before 
3>fire,  the  air  will  expand  by  the  heat, 
mi^fiU  the  bladder. 

Q.       What   EFFECT  is  produced  upon  air   by 


A.  It  is  made  lighter  and  ascends 
tlwough  colder  strata  ;  as  a  cork  (put  at 
the  bottom  of  a  basin  of  water)  rises  to 
the  surface. 

Q.       Frove  that  rarefied  air  ascends. 

A,  When  a  boy  sets  ftre  to  the  cotton 
or  sponge  of  his  balloon,  the  flame  licati 


the  air  ;  which  becomes  so  light,  that  it 
ascends,  and  caniea  the  balloon  inilh  it. 

Q.       What  effid  is  produced  upon  air  bp  cold  i 

A.  It  is  cojidensed,  or  squeezed  into 
a  smaller  compass  :  in  consequence  of 
which,  it  becomes  li£avier,  and  descends 
towards  the  ground. 

Q.      Prove  IJiat  air  is  condensed  by  cold. 

A.  Lay  a  bladder  half  full  of  air 
before  a  fiie,  till  it  has  become  fully 
inflated;  if  it  be  now  removed  from  the 
fire,  the  bladder  will  collapse  again,  be- 
cause the  air  condenses  into  its  former 
bulk. 

Q.       What  is  meant  by  ike  bladder  "  collaps- 

A.  The  skin  becoming  lurinklcd, 
ehrivellcd,  and  flabby;  because  there  is 
not  sufficient  air  inside  to  flll  it. 

Q,  //oio  do  ijmi  Ktjow  tliat  condensed  air 
vnll  Descend? 

A.  Because  afire  balloon ya^Zs  to  the 
earth,  so  soon  as  the  spirit  in  the  cotton 
is  burnt  out,  and  the  air  of  the  balloon 
has  become  cold  again. 

Q.      Does  the  sun  heat  ihe  air  as  it  does  the 

EAaTH? 

A-  No ;  the  air  is  not  heated  by  the 
rays  of  tlie  sim  ;  because  air  (like  water) 
is  a  very  bad  conductor. 
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Q.      How  is  llie  air  heated? 

A.  By  convection,  thus  : — The  sixn 
heats  the  earth,  and  the  earth  heats  the 
air  resting  upon  it;  the  air  thus  heated 
mes,nnd  is  succeeded  by  otker  air,  which 
is  heated  in  a  similar  way  ;  till  the  whole 
volume  is  warmad  by  "  coavective  cur- 
rents." 

Q.  What  is  meajit  by  "convective  currents" 
^ hot  air? 

A.  Streams  of  air  lieated  by  the 
earth,  which  rise  upwards,  and  carry 
heat  with  them.     (See  p.  226.) 

Q,  7s  llie  air  in  a  room  inperpdual  motion  as 
the  air  abkoad  is  ? 

A,  Yes ;  there  are  always  two  cur- 
rents of  air  in  the  room  we  occupy  ;  one 
of  Iwt  air  flowing  out  of  the  room,  and 
another  of  cold  air  flowing  into  the  room. 

Q.  How  do  yov,  know  that  there  are  these  two 
currents  of  air  in  every  occupied  room  1 

A.    If  I  hold  a  lighted  candle  near 

the  crevice  at  the  top  of  the  door,  the 
flame  will  be  blown  outioard  (towards 
the  haJl);  but  if  I  hold  llie  candle  at  the 
bottom  of  the  door,  the  flame  will  be 
blown  inwards  (into  the  rwm). 

N.  B.  ThisisnotthocasoifajJrebcintlieroom.  When 
II  fire  Ifi  lighted,  an  iawai'd  current  is  druim  througli  aU 
tbe  creviosis. 

Q,       Why  would  the  flame  be  bbwn  oiTTWiRDB 
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(towards  Vie  hall),  if  a  candle  be  held  at  the  Tor  oj 
tlie  door  1 

A.  Because  the  air  of  the  voom  being- 
heated,  &c.,  ascends  ;  and  (floating  about 
the  upper  pari  of  the  room)  some  of  it 
escapes  through  the  crevice  at  the  top  of 
the  door,  producing"  a  current  of  air  out' 
wards  (into  the  hall). 

Q,  Why  would  the  Jlame  be  blown  inwarim 
(into  the  nooji),  if  the  candle  be  held  at  the  bottom 
of  the  dooT  ? 

A.  Because  a  partial  vacitum  is  made 
at  the  bottom  of  the  room,  as  soon  as  the 
warm  air  of  the  room  has  ascended  to 
the  ceiling,  or  made  its  escape  from  the 
room  :  and  cold  air  from  the  hall  rus/ies 
under  the  door,  to  supply  the  void. 

Q.  ]i7ial  is  laeant  by  a  "partial  vacuum  fe* 
ing  made  at  the  bottom  of  the  jioom  1" 

A.  A  vacuum  means  a  place  from 
which  the  air  has  been  taken :  and  a 
"partial  vacuum"  means  a  place  from 
which  a  pari  of  the  air  has  been  taken 
away.  Tlius,  wl:>en  the  air  on  the  floor 
ascends  to  the  ceiling,  a  partial  vacuum 
is  made  on  the  j?oor. 

Q.       Ami  how  is  the  VACVVN  filed  VP  again  ? 

A.  It  is  filled  up  by  colder  air,  which 
mshes  (under  the  door,  and  through  the 
joindow  crevices)  into  the  room. 
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Q.        Give,  me  aii  illustration. 

A.  If  I  dip  a, pail  into  a  pond  uHil 
BIl  it  witii  water,  a  tiole  (or  vacuum)  is 
made  in  the  pond  as  big  as  the  pail;  but 
tbe  moment  I  draw  the  pail  out,  the  hole 
isfilled  up  by  t!ie  water  around. 

Q.      Skou}  how  this  illustralmi  ArrLiEs, 

A,  Tlie  lieated  air,  which  ascends 
from  the  bottom  of  a  room,  is  as  much 
talfen  away  as  the  water  in  the  pail ; 
and  (as  the  void  was  instantly  sup]}lied 
by  oilier  water  in  the  pond)  so  the  void  of 
air  is  supplied  by  the  air  around. 

Q.       W'lal  is  the  cause  of  wend  ? 

A.  The  sun  heats  the  earth,  and  the 
earth  heats  the  air  resting  upon  it;  as 
the  warm  air  ascends,  the  void  is  filled 
up  by  a  rusk  of  cold  air  to  the  place ;  and 
this  rush  of  air  we  call  wind. 

Q.      Does  the  wind  always  blow  f 

A.  Yes ;  there  is  always  some  motiou 
in  tiie  air;  but  the  violence  of  the  motion 
is  perpetually  varying'. 

Q,  Does  the  rotation  of  the  earth  upon  Us  axu 
affect  the  molion  of  the  air? 

A.  Yes,  in  two  ways,  1st — As  tht 
earth  moves  round  its  axis,  the  thir 
moveable  air  is  left  somewhat  behind; 
and,  thereibre,  seems  (to  a   stationary 
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object)  to  be  blowing  in  the  opposite  di- 
rection to  the  earth's  motion:  and 

2dly — As  tlie  earth  revolves,  different 
portions  of  its  surface  are  continually 
passing-  under  the  vertical  rays  of  tlie 
Kun. 

Q.       ir/icffl  are  Ihe  rays  of  the  sun  called  "  tee- 

TICAL    EAVS?" 

A.  W'lien  the  sun  is  in  a  direct  line 
above  any  place,  his  rays  are  said  to  be 
"vertical"  to  that  place. 

Q,  lUiistrale  Ihe  manner  in  which  the  earth's 
surface  passes  uiiikr  the  vertical  sun. 

A.  Suppose  the  brass  meridian  of  a 
globe  to  represent  the  vertical  rays  of 
the  sun ;  as  you  turn  the  globe  round, 
different  parts  of  it  wilt  pass  under  the 
brass  rim,  in  constant  succession. 

Q.       Why  is  it  NOON-DAY  lo  the  place  over  which 

the  SUN  is  VERTICAL  ? 

A.  Because  the  sun  is  half-tmy  be- 
tween rising-  and  setting  to  that  place. 

Q,  Shoa  how  this  ROTATION  of  the  earth  afedt 
fh.  A!P.. 

A.  If  we  suppose  the  brass  meridian 
to  be  the  vertical  sun,  the  whole  column 
of  air  beneath  will  be  heated  by  the  noon- 
day rays  ;  that  part  which  the  sun  has 
left,  will  become  gradually  colder  and 
colder;  and  that  part  to  which  the  sun 
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is  approaching,  will  grow  coiibtantly 
warinei'  and  warmer. 

Q.  Tliea  lAereare  three  quaUlks  nf  air  about 
this  spot  ? 

A.  Yes ;  tlie  air  over  the  place,  which 
has /wissfifi  the  meridian,  is  cooling;  the 
air  under  the  vertical  sun  is  tlie  flattest; 
and  the  air.  which  is  over  the  place  about 
lopass  under  the  meridian,  is  ina-easing 
in  heat. 

See  fig.  on  next  page.  Tho  column  A  (which  the  aim 
hus  passed)  is  cooling — Bis  uuilcr  the  vitiilcal  sun ;  and 

Q.      Hom  does  this  varietv  in  the  hkat  of  air 

A.  Tlie  air  always  seeks  to  preserve 
an  equiUbrium';  so  cold  air  rushes  into 
the  void  made  by  the  upward  cutrent  of 
the  warm  air. 

Q.  Why  does  not  the  wind  alivats  blow 
ONE  may.  foUowittg  Ike  direction  of  llie  sun  ? 

A.  Because  the  direction  of  tiie  wind 
is  subject  to  perpetual  interruptions  from 
hills,  and  valleys,  deserts,  seas,  &c. 

Q.  ITow  can  hills  and  moctntains  alter  tit 
amrse  of  tkc  witiDl 

A.  Suppose  a  wind  (blowing-  from 
the  north)  comes  to  a  mountain;  as  it 
cannot  pass  through  it,  it  must  either 
rush  hack  again,  ovjly  off  at  one  side,  {aa 
a  mftrble,  when  it  strikes  ag-ainst  a  wall.) 


MOUNTAINS — OCEAN.  S^S 

Q.      Do  MOUNTAINS  affect  the  wind  in  any  otiibk 

A.  Yes;  many  mountains  are  capped 
with  snow,  Olid  the  warm  air  is  condensed, 
when  it  comes  in  contact  with  theiTi ;  but 
so  soon  as  the  temperature  of  the  icind  is 
chaiig-ed,  its  direction  may  be  chang-ed 
also.    (See  Fig,) 

THE  SUN. 


Suppos 
umnofai  ^  .      , 

the  !wn  is  vertical ;  and  C  the  column  which  is  to  be  heated 
7iOT(,  Inthiscase  tlieiwiiiairof  Amillrush  towirds  BC  j 
because  the  air  of  B  and  C  is  /uMer  than  A.  But  suppose 
now  C  to  bo  a  simie-capped  m/m7Uain :  As  the  hot  air  of  B 
reaches  C,  it  ia  chiUed ;  and  (being  now  coldeT  than  the  air 
^Mad)  it  rushes  back  again  towards  A,  instead  of  follow- 
ing the  sun, 

Q.      IIov>  can  the  oceam  <^ed  the  diredion  tf 

A.  When  the  ocean  rolls  beneath  the 
vertical  sun.  the  water  is  not  made  so  hot 
as  the  land;  in  consequence  of  which, 
the  genera!  direction  of  the  wind  is  di- 
rected from  tracts  oi  ocean  towards  tracts 
ofland. 

Q.       Why  is  not  the  watek  (fthe  sea  made  m 
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HOT,   by   the  vertical  sun,   as  the   suiface  i>f  iht 

A.  1st — Because  the  evaporation  of 
the  sea  is  greater  than  that  of  the  land; 

2d!y — The  constant  motion  of  the 
watei-  prevents  the  increase  of  tempera- 
lure  at  the  surface  :  and 

3dly — The  rays  of  the  sun  strike  into 
the  water  ;  in  consequence  of  which  the 
immediate  surface  is  much  less  affected. 

Q.  TPSy  does  Ike  evapohation  of  the  sea  pre- 
vent its  surface  from  being  heated  by  the  vertical 

A.  Because  its  heat  is  absorbed  in  the 
generation  of  vapor  and  carried  off  into 
the  air. 

Q.  Why  does  the  motion  of  the  sea  jireuent  its 
surface  from  being  heated  by  llie  vertical  sirn  ? 

A.  Because  each  portion  rolls  aicay, 
as  soon  as  it  becomes  heated,  and  is 
succeeded  by  another ;  and  this  constant 
motion  prevents  the  surface  of  the  sea 
from  being-  more  heated  than  the  water 
bdoio  the  surface. 

Q.      Do  CI.OUD3  affect  the  wjnd  t 

A.  Yes.  As  passing  clouds  screen 
the  direct  heat  of  the  sun  from  the  earth, 
they  diminish  the  rarefaction  of  the  air 
also;  and  tliis  is  another  cause  why  nei- 
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ther  the   strength  nor  direction  of  the 
wind  is  uniform: 

Q.  WbaM  the  wind  blow  regidarly  from  east 
to  west,  if  thesf.  obstkuctjons  were  rehovei.  I 

A.  Without  doubt.  If  the  whole 
earth  were  covered  with  icaler  the  winds 
would  always  follow  tlie  sun,  and  blow 
uniformly  in  one  direction. 

Q.         Do  winds  EVER  blow    REGULARLY  ? 

A.  Yes;  in  those  parts  of  the  world, 
which  present  a  large  surface  of  water, 
as  in  the  Atlantic  and  Pacific  Oceans. 

Q.  What  are  the  winds,  which  blow  over  the 
Atlantic  and  Pacific  Oceans,  called  ? 

A.    They  are  called  "Trade  Winds." 

Q.       IVhy  are  they  called  "  tkade  winds," 

A.  Because  they  are  very  convenient 
to  merchants,  who  have  to  cross  the 
ocean,  inasmuch  as  they  always  blow 
in  one  direction. 

Q.  In  what  DIRECTION  do  the  trace  winds 
Mow? 

A.  That  in  the  northern  hemisphere 
blows  from  the  norili-east ;  that  in  the 
southern  hemisphere  from  the  south-east. 

Q.  Why  do  they  not  blow  from  the  full 
NORTH  oB/i  south! 

A.  Because  currents  of  air  flowing 
from  the  poles,  give  them  an  easterly  di- 
rection. 
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This  edcct  js  due  in  some  measure  lo  the  rotation  of  the 
earth  od  its  aiis. 

Q.  What  is  ike  cause  of  these  currents  of  ail 
from  l/ie  foles  to  l/ie  equator  ? 

A,  The  air  about  tlie  equatnr  con- 
stantly ascends,  in  consequence  of  being 
rarefied  by  the  heat  of  the  sun  :  as  the 
hot  equatorial  air  ascends,  cold  air  from 
the  north  and  south  flows  towards  the 
equator,  to  restore  the  equilibrium, 

Q,  Is  there  an  upper  ai  well  as  a  lower 
CUERENT  in  the  atmosphere  t 

A.  Yes ;  the  iqyper  current  of  rare- 
fied air  is  from  tlie  equator  to  the  poles; 
where  it  is  condensed — and  then  returns 
ao:a!n  to  the  equator,  forming'  the  loiocr 
current. 

Q.  These  lower  currents  [from  the  poles  to 
the  equator)  have  an  easterly  tendency.  Explain 
the  cause  of  this. 

A.  All  the  atmosphere  revolves  with 
the  earth ;  but  when  a  current  of  air  from 
the  poles  flows  towards  the  equator,  it 
comes  to  a  part  of  the  earth's  surface 
which  is  moving-  faster  than  itself;  in 
consequence  of  which  it  is  left  behind, 
and  thus  produces  the  effect  of  a  current 
moving  in  the  opposite  direction. 

Thus,  t«  a  person  in  a,  caniis.^a,  the  hedges  and  treca 
seem  to  be  running  in  an  ojipo.ite  direction. 
As  tiio  circumference  of  tlie  eartli  at  tho  equator  ii 
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mtxh  <ar^ey  than  the  circamforonce  of  the  earth  at  tho 
Jioica,  thdtfore  every  spot  of  the  earth's  eg  KntoWoi  siirfacB 
must  move  muckfaslcr  tbao  the  corresponding'  oae  at  th« 

N.  B,  A3  the  earth  revolvos  on  its  aiia  from  west  to 
enst,  therefore  tho  air  which  is  carried  ivith  it  mill  seem 
to  blow/nun  WetMsi:  As,  however,  the  current  of  air  from 
the  poles  seems  to  Wovf  in  the  oppoiUc  direction,  it  will 
seem  to  blow  from  the  east  {or  tff  bo  an  eaiieHy  wind). 

Q-  By  what  means  are  the  norlh-easi  arid 
lojith-easl  TRA'DE  wuiDS  produced  ? 

A.  By  a  combirjaiioii  of  the  two  mo- 
tions of  the  polar-  currents:  which  pro- 
duces the  intermediate  directions  of  the 
north-east  and  souih-east. 

Q.      Are  Bora  these  motions  of  the  polar  carrejUt 

ILEAL? 

A.  No.  The  motion  from  the  east 
to  west  is  only  apparent.  As  the  earth 
revolves  from  icest  to  east,  the  air  carried 
with  it  will  be  a  west  wind  ;  but  the  polar 
currents  seem  to  blow  in  the  opposite 
direction,  merely  because  they  have  not 
acquired  tite  same  valodty. 

Q.  Do  trade  winds  blow  from  the  rwrth-tast 
and  south-east  all  the  year  bound? 

A.  Yes,  in  the  open  sea;  that  is,  in 
the  Atlantic  and  Pacific  Oceans,  for  about 

30°  each  side  of  the  equator. 

Q.  What  do  the  north-easterly  and  sovih-eait- 
erly  tra/le  winds  produce  when  they  meet  near  Iht 

A.     A  region  of  calms,  in  which  thick 


foggy  air  prevails,  with  sudden  showeia 
and  lliunder-storms. 

Q.       Is  iMs  region  of  calms  fixed  in  ils  pttsilwjit 

A.  No;  il  sliifls  its  place  according 
to  the  suti's  distance,  and  position  in 
reg'ard  to  \.\\&  cquatjr :  being- sometimes 
entirely  to  the  imih  of  the  equator,  and 
occasionally  reaching  as  far  as  2°  soui/t 
of  it. 

Q.  Do  the  TRADE  WINDS  bloio  uniformly  from 
nortk-easl  and  south-east  in  Ike  I.ndun  Ocean  ? 

A.  No  ;  nor  yet  in  those  parts  of  the 
AtlmiCk  and  Pacific  whicii  verge  on  tlie 
contlnenls. 

Q.  Ilnio  do  the  trade  winds  in  ihs  Indian 
Ocean  blow  ? 

A.  From  April  to  October  a  soatli- 
tcest  wind  prevails;  but  from  October  to 
April,  a  norlli^easi. 

Q,  What  are  these  periodical  currents  of  air 
{which  affed  the  neighborhood  of  the  AraJnan,  /»■ 
dian,  and  Chinese  Seas)  called  ? 

A.     They  are  called  monsoons. 

Q.      HoK  far  do  the  limits  of  the  monsoons  ex- 

A.     They    extend   fi-om   the  African 

shore  to  the  longitude  of  New  Guinea; 
and  are  felt  nwtkward  as  far  as  the 
parallel  of  latitude,  which  crosses  the 
Loochoo  Isles. 
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Q.  WAy  do  not  the  tradt  winds  in  tht  Indiam 
Ocean  hloio  soalk-wesl  from  April  lo  October? 

A.  Because  tlie  air  of  Arabia,  Persia, 
India,  and  China,  is  so  rarefied  by  the 
enormous  heat  of  iheir  summer  sun, 
that  the  cold  air  from  the  south  rushes 
towards  these  nations,  across  tlie  equator, 
(during:  these  six  months,)  and  produces 
a  SOUTH-WEST  wind, 

Q.  To  what  distance  docs  this  south-west 
wind  prevail  ? 

A,  From  3°  south  of  the  equator,  to 
the  shores  of  the  Arabian,  Indian,  and 
Chinese  Seas. 

Q,  JVhy  ih  the  trade  winds  (in  the  Indian 
Ocean)   blow  norlh-easl  from  October  la  April? 

A.  Because  the  soutMrn  part  of  the 
torrkl  zone  is  most  heated,  when  the  sun 
has  left  the  northern  side  of  the  equator 
hv  i\\e  southern :  and  the  cold  air  from 
the  north  (rushing  towards  the  southern 
tropic)  is  diverted  into  the  direction  of 
NORTH-EAST,  where  it  continues  for  the 
oilier  six  months  of  the  year. 

Q.  Are  the.  monsoons  as  powerful  at  tht 
trade  winds  ? 

A.  They  are  far  tnore  so,  and  very 
often  amount  lo  violent  g-ales. 
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Q.  WLy  are  the  MoNsoorJS  more  tsEniL  to  the 
manmr  than.  Ihe fixed  tradg  winds  ? 

A.  Because  the  mariner  is  able  to 
avail  himself  of  these  periodic  changes, 
to  go  in  one  direcliori  during  one  half  of 
the  year,  and  to  return  in  the  opposite  di- 
rection during  the  other  half. 


Q.      How  is  the  change  of  the  vtonsoons  marked  ? 

A.  By  an  interval  of  alternating  calms 
and  stoniis, 

Q.  When  are  Ihe  winds  at  the  North  generai- 
ly  (fer  HIGHEST? 

A.  The  winds  in  December  and  Jan- 
uary are  generally  the  highest.  Those 
in  February  and  November  the  next ; 
and  those  in  August  and  September  are 
the  least  boisterous. 


A.  Because  the  sun  is  farthest  south 
in  those  months ;  and  (as  the  heat  in 
these  northern  regions  rapidly  decreases) 
the  contrast  between  our  temperature 
and  tliat  of  the  torrid  zone  is  greater  in 
December  and  January,  than  in  any 
other  two  months  throughout  the  year. 

Q.  WTiy  does  this  contrast  of  AeaC  itim-ease 
ihe  VIOLENCE  of  the  wind  ? 

A.  Because  the  air  always  seeks  to 
preserve  an  ccpiilibrkim ;  therefore  the 
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^.ater  the  contrast,  the  more  violent 
will  be  the  rush  of  air  to  equalize  the 
two  volumes. 

Q.  fWy  are  the  winds  at  Ihe.  North  generally 
most  PLACID  during  the  wiontfts  of  Septembsr  a/id 
August  t 

A.  Because  August  and  September 
are  the  warmest  montlis,  when  we  ap- 
proach nearest  to  the  heat  of  the  torrid 
zone ;  tiierefore  the  air  (to  and  from  the 
equator)  moves  loUli  less  velocUij  in  our 
northern  hemisphere  in  thosetwo  months 
tlian  in  any  other. 

Q.  Show  Ike  GOODNESS  and  wisdom  of  God  in 
this  constant  tendency  of  air  to  eqidlibrivM. 

A.  If  the  torrid  zone  were  not  tem- 
pered by  cold  air  from  the  polar  regions, 
U  loould  become  so  liot,  that  no  human 
being"  could  endure  it.  If  (on  the  other 
hand)  the  polar  regions  were  never 
wanned  by  hot  air  from  the  torrid  zone, 
they  would  soon  become  insufferably 
cold. 

Q.  In  what  other  way  does  the  mingling  of 
the  polar  and  equatorial  atmosphere  act  BENrFioiAi^ 

hYt 

A,  In  the  equatorial  regions,  the 
great  abundance  of  vegetable  life  is  pro- 
ductive of  a  very  large  amount  of  o^ry- 
gen:  In  the  colder  regions,  artificial J??'C8 


and  dense  masses  of  animal  life,  produce 
larg"e  quantities  of  carbonic  acid:  Tlie 
ming'ling'  of  the  polar  and  equatorial 
almospliere  assists  in  supplying:  each  of 
these  regions  with  the  very  gas  in  which 
it  would  be  otherwise  detective. 

Q.  Ifow  doex  the  mingling  of  the  tolar  ajidt 
BQUAToaiAL  atmosphere  serve  to  supply  each  region 
wilh  the  GAS  il  most  requires  ? 

A.  The  plants  of  the  saUATORiAL  re- 
gions require  carbonic  crcid;- — The  ani- 
mals of  the  COLDER  regions  require 
oxygen  : — The  currents  of  air  from  the 
Pot^  carry  carbonic  acid  to  the  equato- 
rial ja/a/iis  ;  and  the  currents  of  air  from 
the  Eipiator  carry  oxygen  to  the  animals 
which  abound  nearer  the  po/es. 

Q.  IVhy  are  east  winds  in  Europe,  and 
WEST  WINDS  in  the  United  States,  generally  dry  ? 

A.  Because  they  come  over  vast  con- 
tinents, and  therefore  absorb  very  little 
water;  and  being  thirsty,  they  readily 
imbibe  moisture  from  the  air  and  clouds, 
and  therefore  bring  dry  tceatlwr. 
\    Q.       Why  is  the  Jiomn  wisD  generally  coldI 

A.  Because  it  comes  fi-om  the  polar 
regions,  over  mountains  of  snow  and 
seas  of  ice. 

Q.  Why  are  north  winds  generally  dry  and 
hting? 
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A.    Because  tliey  come  from  colder 

regions,  and  beings  warmed  by  the  heal 
of  our  climate,  absorb  moisture  fi'om 
every  thing  they  touch;  in  consequence 
of  which,  they  are  both  dry  and  parch- 
ing. 

Q.       W%ii  are  south  wmos  generalb/  warm  I 
A.     Because  they  come  from  the  tor- 
lid  zone,  where  they  are  much  heated. 

Q.        IVky  do  SOUTH  winds  often  bring  kaim! 

A.     Because,  coming'  from  the  torrid 

zone,  they  are  much  heated^  and  imbibe 
icatcr  very  plentifidly^  as  they  pass  over 
the  Ocean. 

Q,  How  docs  this  account  for  ike  rainy  cha- 
racter o/" SOUTH  winds? 

A.  As  soon  as  they  reach  a  cold  cli- 
mate they  are  condensed,  and  can  no 
longer  hold  all  their  vapor  in  suspen- 
sion ;  in  consequence  of  which,  some  of 
it  is  deposited  as  rain. 

Q.  Why  are  west  winds  in  Europe,  and 
EAST  WINDS  in  lli^  United  States,  generally  kainy  'I 

A.  Because  they  come  over  the 
Adantic  Ocean,  and  are  laden  with 
vapor ;  if,  thereforej  they  meet  with  the 
least  cliUl,  some  of  the  vapor  is  deposited 
as  rain. 

Q.  IVhy  is  a  Jim  clear  day  iometimes  oveb- 
CAST  in  a  few  mimdes  ? 
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A.  Because  some  sudden  change  of 
temperature  has  condensed  ihe  vapor  of 
the  air  into  clouds. 

Q.  Wkj/  are  clouds  sometimes  dissipated  very 
sudden/^  ? 

A.     Because  some  dry  jomd  (blowing 

over  the  clouds)  imbibes  their  moisture, 
and  carries  it  off  in  invisible  vapor. 

Q.  Wkp  do  SOUTH  EAST  winds  bring  us  rain  T 
A.  Because  they  come  Irom  the  tor- 
rid zone,  and  g^t  laden  with  vapor  in 
their  transit  across  the  ocean.  But  wlien 
they  reach  our  colder  climate,  (being 
condensed  by  the  chill)  some  of  the  va- 
por is  precipitated  in  rain. 

Q.        Why  do  NORTH-WEST  winds  rarely  bring 

A.  Because  they  come  from  a  climate 
colder  than  our  own,  and  their  capacity 
for  imbibing  vapor  is  increased,  when 
they  reach  a  warmer  climate ;  in  conse- 
quence of  which,  north-west  winds  dry 
the  air,  dispel  the  clouds,  and  promote 
evaporation. 

Q,  Why  does  wind  sometimes  bring  kain  and 
sometimes  pine  weather? 

A.  If  the  wind  be  colder  than  the 
clouds,  it  will  condense  their  vapor  into 
rain:  But  if  the  wind  is  warmer  i/ian 
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the  dottds,  it  will  dissolve  them,  and  cause 
tlietn  to  disappear. 

Q.       What  is  the  use  oP  dry  march  vA-nds  ? 

A.  They  dnj  the  soil,  which  is  satu- 
rated with  the  floods  of  Februaiy,  break 
up  the  heavy  clods,  and  fit  the  land  for 
the  seed  committed  to  it. 

Q,  Wh}/  is  it  said,  that  "March  comes  iw 
Uke  a  LION  V 

A.  Because  it  comes  in  with  bluster- 
ing winds,  so  essential  to  dry  the  soil, 
lest  it  rot  the  seeds  committed  to  it. 

Q.       Why  does  "  March  go  out  like  a.  lamb  V 

A.  Because  the  water  (evaporated 
by  the  high  winds)  falls  ag^ain  in  showers, 
to  fertilize  the  earth  ;  and  these  constant 
showers  break  the  violence  of  the  winds. 

Q.  Whff  is  it  said,  that  "  A  Intshel  of  March 
DUST  is  worth  a  king's  ransom  ?" 

A.  Because  it  indicates  that  there 
has  been  a  continuance  of  dry  weather ; 
and  unless  March  be  dry,  the  seed  will 
rot  in  the  wet  soil. 

Q,       Why  is  it  said,    "A  dky,  cold  Maecb 

A,  Because  the  dry,  cold  winds  of 
March  prepare  the  soil  for  seeds ;  which 
germinate  and  produce  fruit  in  the 
autumn. 
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Q.  £  is  said,  that  "A  wet  Msrch  makes  a 
8AD  autumn."     Explain,  the  reason  of  this. 

A.  If  Marrji  \%  wet,  so  much  seed 
rots  in  the  ground,  that  the  autumn  crops 
are  spoiled. 

Q.  It  is  said,  that  "  March  floweks  malx 
Jio  summer  bowers,"     Explain  the  reason  of  this. 

A.  If  the  spring  be  very  niiUl,  vege- 
tation gets  too  forward,  and  is  pinched 
by  the  nightly  frosts,  so  as  to  produce 
neither  fruits  nor  flowers. 

Q.  It  is  said,  "  A  late  scrinq  malxs  a  fkuit- 
pui.  YEAR."     Explain  the  reason,  of  this. 

A.  If  llie  vegetation  of  spring  be 
backward,  the  frosty  nights  will  rfa  no 
harm;  for  the  fruits  and  flowers  will 
not  put  forth  tlieif  lender  shoots,  till  the 
nights  become  too  loarni  to  injure  tkem. 

Q,  Why  is  it  said,  that  "  April  showers 
bring  May  floweus  1" 

A.  Because  April  showers  supply 
the  principal  nourishment,  on  which 
seeds  depend  for  their  developnienl. 

Eufore  seeds  can  germiniite,  iires  tliingaare  essential:— 
Durlcuesa,  Heat,  anil  Muisturc. 

Q.  Does  RAIN-WATER  possess  any  fertilizing 
properties,  upsides  that  of  mere  moistuhe  "i 

A.  Yes ;  rain-water  contains  an 
abundance  of  carbonic  add,  and  a  small 
quantity  oi  ammonia;  to  which  much 
of  its  fertilizing  power  may  be  attributed. 


Q.  W/ii,  is  there  wonE  rain  TRo^  Septembek 
(o  March,  ikanfrom  Mmrchto  Septemher? 

A.  Because  the  temperature  of  the 
air  is  constantly  dpxr easing ;  nii  which 
account,  its  capacki/  for  holding  vapor  is 
on  the  decrease,  and  the  vapor  is  precip- 
itated as  rain. 

Q.  What  good  purpose  is  effected  under  Provi- 
OENCE  bz/  Ikis  increase  of  rain  i»  autumn  a7td  win- 
ter ? 

A.  Because  rain  hastens  the  putre- 
faction of  tlie  fallen  leaves;  and  this 
makes  the  earth  fertile. 

Q.  WInj  is  there  les3  rain  phom  March  to 
Septemder,  than  from  September  to  March  ? 

A.  Because  the  temperature  of  the 
air  is  comtaiHli/  increasing;  on  which 
account  its  capacity  for  holding  vapor  is 
on  the  inci'casc,  and  very  liltle  is  precipi- 
tated as  rain. 

Q.  Why  is  the  rising  sun  in  sumvur  accom- 
panied with  a  BaEEZE  ? 

A.  Because  the  heat  of  the  rising' 
sun  stops  the  radiation  of  heat  fi'om  the 
earth,  and  loarmn  its  surface. 

Q.      How  does  this  wabmth  produce  a  breeze  T 

A.  Tlie  air  (resting  on  the  earth's 
surface)  being"  warme/i  by  contact  ascends, 


and  wider  air  rushing  in  to  fill  up  the 
void,  produces  the  mjrning  breeze. 

Q.  Wliy  is  there  often  an  evening  breezb 
during  the  mmmer  moiUks? 

A.  Because  the  earth  radiates  heat 
at  sun-sJ  and  the  air  is  rapidly  cooled 
down  by  contact :  this  condensation 
causes  a  motion  in  the  air,  called  the 
eveninij  breeze. 

Q.  XVktf  are  tropical  islands  siibject  to  3 
SEA  BTiEEZE  ever^  mohninq  :  (i.  e.,  a  breeze  blowing 
from  tlic  sea  to  the  land)  ? 

A.  Because  solar  rays  are  unable  to 
heat  (he  surface  of  ihe  sea,  as  they  do 
the  earth ;  therefore,  the  air  resting  on  the 
sea  is  less  heated  than  the  aii-  resting  on 
the  earth;  and  the  colder  sea  air  blows 
inland  to  restore  the  equilibrium. 

Q.       Why  is  a,  land  breeze  rNiiEALTiiY? 

A.  Because  it  is  frequently  laden 
with  exhalations  from  putrefying  anin 
mal  and  vegctahk  substances. 

Q.       I-KA;/ is  a  SEA  creeze/z-mA  aW  healthy  ? 

A.  Because  it  passes  over  the  fresh 
sea,  and  is  rtot  laden  with  noxious  ex- 
halations. 

It  is  particularly  healthj,  thereforo,  to  iralk  on  tha  aca- 
bcach  bcfut-Q  tea  o'clock  in  the  morDing;  but  unheaillij 

Q.  'Wlty  ii  there  generally  a  fresh  breeze  jran 
iix  BEA  during  the  summer  and  autumn  moknikos? 


SEA    AND    LAND   BREEZES.  291 

A.  Because  land  is  mryre  hcaied  by 
the  sun  llian  the  sea  is ;  and  the  land  air 
becomes  hotter  than  that  over  the  sea  ; 
in  coiisecjuence  of  which,  the  cooler  sea 
air  glides  inland  to  restore  the  equili- 
brium. 

Q.       Why  does  a  sea  breeze  fed  cool  f 

A.  Because  the  sun  cannot  make  the 
surface  of  the  sea  so  hot  as  the  land; 
therefore,  the  air  which  blows  from  the 
sea  is  coafer  tlian  the  air  qftlie  land. 

Q.  Why  are  TROprriAt.  islands  subject  to  a 
LAND  BREEZE  evcry  EVENING  (i.  c,  a,  breeze  blowing 
from  the  land  towards  the  sea)  ? 

A.  Because  the  surface  of  the  land 
cools  down  faster  (after  sun-set)  than 
the  surface  of  the  sea:  in  consequence 
of  which,  the  air  of  the  cold  land  is  con- 
densed— sinks  down — and  spreads  itself 
into  the  warmer  sea   air — causing  the 

LAND  BREEZE. 

Q.       Wky  is  the  land  breeze  cool  ? 

A.  Because  the  surface  of  the  land 
is  cooled  at  sun-set  quicker  tlian  the  sur- 
face of  the  sea  ;  therefore,  seamen  feel 
the  air  from  the  land  to  be  chill. 

Q.  Why  is  the  temperature  o/"  islands  more 
BQDABLE  than  that  ofcotnwEfnsI 

A.  Because  the  todter  around  the  isl- 
and  abso}-bs  the  extreme  heat  of  sum- 
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mer;  and  gives  out  heat  to  mitigate  the 
extreme  cold  of  winter. 

Q,  Islands  are  waumeu  in.  winter  than  conii- 
nents.     Expimn  lite  reason  of  this. 

A.  Unless  the  sea  be  frozen  (which 
is  rarely  the  case)  it  is  wanner  Uian  the 
frozen  land :  and  the  warmth  of  the  sea 
air  helps  to  mitigate  the  intense  cold  of 
the  liind  air. 

Q.      Explain  Ike  cause  of  sea  waves  1 

A.  The  wind  (acting-  on  the  surface 
of  the  sea)  piles  up  ridges  of  water, 
leaving-  behind  an  indanlation :  as  the 
water  on  all  sides  rushes  to  fll  up  this 
indentation,  the  disturbance  spreads  on 
all  sides,  and  billow  rolls  after  billow, 

Q.       W/iy  does  WIND  generally  feel  cold  1 

A.  Because  a  consiaidly  changing 
surface  comes  in  contact  with  our  body, 
to  draw  off  its  heat. 

Q.  Whi/  is  a  boom  [even  without  a  fire)  ge- 
neraily  warmer  than  the  open  aiu? 

A.  Because  the  air  in  a  room  is  mA 
subject  to  much  change,  and  soon  becomes 
of  the  same  temperature  as  our  skin, 
when  it  no  long-er  feels  cold. 

Q.  Whij  do  we  generally  feel  colder  <mt-of- 
doors  tlian  in-doars? 

A.  Because  the  air  (which  surrounds 
us)  is  alioaj/s  changing;  and  as  fast  aa 


(me  portion  of  air  has  become  warmer 
by  contact  with  our  body,  another  colder 
portion  surrounds  us,  to  absorb  more 
heat. 

Q.  How  does  blowing  hot  food  make  U 
uool! 

A.  It  causes  the  air  (which  has 
been  heated  by  the  food)  to  change  more 
rapidly,  and  give  place  to  fresh  cold  air. 

Q.  Wh^  do  ladies  fan  themselves  in,  kol 
weather  ? 

A.  That/res/t  particles  of  air  may  be 
brought  iu  contact  with  their  faces  by 
the  action  of  the  fan ;  and  as  every 
fresh  particle  of  air  absorbs  some  fieat 
from  the  skin,  this  constant  change 
makes  them  coot. 

Q,      Does  a  fan  cool  the  air  "i 

A.  No;  it  makes  the  air  Jwttcr  by 
imparting:  to  it  the  heat  oui  of  our  face; 
but  it  cools  o\iv  face  by  transferrin^:  its 
heat  to  the  air. 

Q.      How  fast  doKi  wind  Iravcl  ? 

A.  A  gentle  breeze  goes  at  about 
the  rate  of  5  miles  an  hour.  A  liigh 
wind  from  20  to  60.  A  hurricane  from 
80  to  100  miles  an  hour. 

Q.      Hnw  is  the  velocitf  of  winds  ascerlained! 

A.     By  observing  the  velocity  of  the 
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clouds;  and  by  an   instruiTient  for  tha 
purpose,  called  an  Anemometer. 

Pronounce  An-e-mom'-e-ter.  From  two  Greek  words 
•HfiDt  (nlnd]  anil  )iEr|»>  (.imeasnroV  Thisturm  i^  applied 
morefi-uquuntly  to  anmatrumCQtwiiicli  measures  tliuyiirce 
of  wiiid. 

Q,  How  is  the  velocity  of  the  clouds  aseer- 
taitied  ? 

A.  By  observing  the  speed  of  their 
shadow  along-  the  ground ;  which  is 
found  (in  a  high  wind)  to  vary  from  20 
to  60  miles  an  hour, 

Q.  Why  is  there  a  strong  eraugiit  through 
the  KEVHOLE  of  a  door  ? 

A.  Because  the  air  in  the  room  we 
occupy  is  warmer  than  the  air  in  the 
hall ;  therefore,  the  air  from  the  hall 
ruslies  tkrougk  the  keyhole  in  the  room, 
and  causes  a  draught. 

Q.  Wk]f  is  there  a  strong  dhaught  ufJUEa  the 
DOOR,  and  through  the  crevice  on  each  side  1 

A.  Because  cold  air  i-ushes  from  the 
hall,  to  supply  the  void  in  the  room, 
caused  by  the  escape  of  warm  air  up 
the  chimney,  &c. 

Q.  Wlij/  is  iliere  always  a  dradght  through 
ihewuiDow  crevices? 

A.  Because  the  external  air  (being 
colder  than  the  air  of  the  room  we  occu- 
,py)  ruslies  through  the  window  crev- 
ices to  supply  the  deficiency,  caused  by 


DRA  TIGHT VENTILATION.  293 

ihe  escape  of  warm  air  up  the  chimney, 
&c. 

Q.  ^yov,  open  ihe  lowek.  sash  of  a  window, 
there  is  more  i>r.At;ciiT  than  if  you  open  the  UPPEft 
sask.     Explain  ihe  reason  of  this, 

A.  If  the  lowcj-  sash  be  open,  cold 
external  air  will  rush  freely  into  the  room 
and  cause  a  great  draugfht  imcards ; 
But  if  the  upper  sash  be  open,  the  heat' 
ed  air  of  the  room  will  iiish  out,  and  (of 
course)  there  will  be  less  draught  in- 
wards. 

Q.  By  which  mcam  is  a  eoom  heller  venti- 
lated— Sy  opening  lite  upper  or  the  lower  sash  ? 

A.  A  room  is  better  ventilated  by 
opening"  the  upper  sash;  because  the  hot 
vitiated  air  (which  always  ascends  to- 
wards the  ceiling)  can  escape  nv>re  easily. 

Q.  By  which  means  is  a  hot  room  more 
quickly  cooled — By  opening  Ihe  upper  or  llie  lower 

A.  A  hot  room  is  cooled  more  quickly 
by  opening  the /o?t't7' sas/i;  because  the 
cold  air  can  enter  more  freely  at  the 
lower  part  of  Ihe  room,  than'  at  the  upper. 

Q.       Why  does  wind  dhy  damp  lines  ? 

A.  Because  dry  wind  (like  a  dry 
sponge)  imbibes  the  particles  of  vapor 
from  the  surface  of  the  linen,  as  fast  aa 
they  arc  formed. 
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Q,  li'^ikk  is  the  HOTTEST  TLiCE  in,  a  church, 
iha}.d,  ir  Ihenlre? 

A,     Tlie  g'allery. 

Q.  XPTiy  is  the  gallery  of  all  public  placa 
HOTTEit  than  the  lower  parts  of  the  biiUd'uig  ? 

A.  Because  tlie  heated  air  of  the 
building:  ascends;  and  all  the  cold  air 
(which  can  enter  through  the  doors  and 
windows)  keeps  to  thcjloor,  till  it  has  be- 
come heated. 

Q.       Why  do  plants  oflen  grow  mU  of  walls 

A.  Because  the  seed  has  been  blown 
there  with  the  dust,  by  the  imidj  or 
dropped  by  some  bird  flying  over. 
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CHAPTER  XXV. 

Q.  TVha.t  is  a  BAHOilTLTER  7 

A.  A  weather-glass,  or  instrument  to 
measure  the  variations  in  the  weight  of  the 
0(7-;  by  means  of  which  variations,  we 
may  judge  what  weather  may  be  ex- 
pected. 

BtitotiETi^H  is  a  compouti'l  nf  two  Greek  worda,  Bofli 
(wuigllt)  and  y^^poy  (a  moasuvi.'). 

Q.         WA<U  is  a  THEiiSIOMETERi 
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A.  An  instrument  to  show  how  Iwt 
or  cold  aiiythina^  is. 

THFiRMDMETEn  is  a  compound  of  two  Greek  wordB  0^ 
^o(  (lieat)  a»d  ,-<rpv  (mcusure). 

Q.  WkaL  is  the  dipfeeence  hetween  a  niEa- 
MOMEjTER  and  a  bauometer  ? 

A.  In  a  THERMOMETER  the  mercury 
is  sealed  up  from  ike  air;  and  rises  or 
falls,  as  the  varying  temperature  of  the 
air  expands  or  contracts  it :  but 

In  a  BAROMETER  tlic  mcrcury  is  left 
exposed  (or  open)  to  the  air  ;*  and  rises 
or  falls,  as  the  varying'  tceight  of  the  air 
presses  upon  the  open  column. 

Q,  Iftkt  mercury  of  the  the.Tinnn\der  be  sealed 
Cffrom  the  air,  how  can  the  air  affect  it  ? 

A,  The  heat  of  the  air  passes  through 
the  glass  tube  into  the  mercury  which 
causes  the  metal  to  expand  and  rise  in 
the  tube. 

Q.       Whij  is  the  tube  of  a  barometer  left  open? 

A.  Tliat  the  air  may  jtress  upon  it 
freely ;  and,  as  this  pressure  varies,  the 
mercury  rises  or  falls  in  the  tube. 

The  top  of  tlie  tuijG  must  bo  a  "vacuum;"  otherwiBO 
Hie  pressure  of  tlie  exteniiLlair  upon  the  loner  part  of  the 
column  cannot  ulfoct  the  mercaiy. 

Q.  Ilbw  can  a  barometer,  which  measures  the 
WEIGHT  of  air,  be  of  service  as  a  weather  gtasi  f 
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A.  Whf,n  air  is  moist,  or  filled  with 
vapor,  it  is  lighter  than  usual;  and  ihe 
column  of  mercury  stands  low: 

When  air  is  dry  and  free  from  vapor, 
it  is  fieavisr  than  usual ;  and  the  mercury 
stands  high:  Thus  the  barometer  (by 
showing  the  variations  in  the  weight  of 
Ihe  air)  indicates  the  changes  of  the 
WGatlwr  also. 

Q.       Why  can  ymi.  tell  {by  looHng  at  a  ba- 

EOHETEK.)  what  KLND  of  WEATHER  it    VlUl  bt  ? 

A.  Because  the  mercury  in  the  tube 
rises  and  falls,  as  the  air  becomes  heav- 
ier or  lighter:  and  we  can  generally  tell 
by  the  iceight  of  the  air,  what  kind  of 
weather  to  expect. 

Q.      Docs  the  WEIGHT  of  the  air  vahy  much? 

A.  Yes;  the  atmosphere  varies  as 
much  as  one-tenth  part  more  or  less. 

Q.       What  USE  is  a  barometkh  to  sailors  ? 

A.  It  warns  them  to  regulate  thdr 
ships,  before  squalls  come  on. 

Q.  How  can  a  barometer  warn  saix-ors  to 
regulate  their  SHLrs  'I 

A.  As  it  indiciJtes  when  icind,  rain, 
and  storm  are  at  hand,  the  sailor  can 
make  his  ship-tri/h  before  they  overtake 
him. 

Q.      Areikereany  rules  tohicA  can  bed^ndei 
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A.  Yes;  there  are  ten  special  rules 
to  dn-^ct  us  how  to  know  the  changes 
of  Wfather,  by  marking-  llie  mercury  of 
a  barometfci. 

Q.  Menlim  the  !st  specialeulb  wilhregaTi 
Ic  the  bwromiUr  ? 

A,  Tijfi  barometer  is  highest  of  all 
during'  a  long  frost;  and  it  generally 
rises  with  a  north-west  loind. 

Q,  fVhy  is  the  barometer  highest  of  all  during 
along^nosTl 

A.  Because  a  long  frost  condenses  the 
air  venj  greatly  ;  and  the  more  conrfenserf 
air  is,  the  greater  is  its  pressure  on  the 
mercury  of  a  barometer. 

Q.  Wh^  dees  ike  barometer  generally  kisb 
mlh  tiORTii-wEsifiimnds  T 

A.  Because  north-west  winds  make 
the  air  both  cold  and  dry :  and  being 
both  condensed,  and  without  vapor,  it  is 
much  heavier. 

Q.  Mention  the  2d  special  rule  with  regard 
to  the  barometer  ? 

A.  The  barometer'  is  lotcest  of  all 
dui'ing  a  thdit),  which  follows  a  long  frost: 
and  it  generally  falls  with  south  or 
EAST  wind. 

Q.  Why  does  the  barometer  fall  lowest  of  aU 
tl  the  BREAKING  UP  of  a  long  fbost^ 

A.     1st — Because  the  air  (which  had 
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been  much  dried  by  the  frost)  absorbs 
the  moisture  of  the  fresii  warjn  current 
of  wind  from  the  south  or  south-west : 
and 

2dly — The  air  (which  had  been  much 
condensed  by  the  frost)  is  suddenly  ex- 
panded by  the  warm  wind,  which  is 
introduced. 

Q.  Why  does  the  barometer  fall  very  hw  with 
sonTH  and  east  winds  ? 

A.  Because  south  and  east  winds 
come  heavily  laden  icitk  vapor  ;  and  va- 
porized air  islig^hter  than  dnj  air. 

Q,       What  e^ed  has  wind  <m  ihe  mercury  ? 

A.  The  barometer  is  kigk,  when  the 
wind  blows  between  the  west  and  the 
NORTH ;  but  it  is  hic,  when  tlie  wind 
blows  between  the  south  and  the  east, 

Q.  WiiT  do  these  winds  ajecl  the  mercury  (fa 
barometer  ? 

A.  Because  the  pressure  of  the  air  is 
increased  by  cold  winds,  and  diminished 
by  xcarm  ones. 

Q.  Why  is  Ihepressure  of  air  increased  with 
cold  winds  from  the  north  1 

A.  Because  the  air  contracts,  when 
it  is  cooled  by  winds  from  the  norlh  and 
east,  and  warmer  air  flows  in  from  all 
sides  to  fill  up  the  vacuum ;  in  conse- 
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quence  of  which,  its  volume  is  increased, 
and  the  barometer  rises. 

Q.  Whif  is  the  pressure  of  ajj- diminished 
hywarm  winds  from  the  south? 

A.  Because  the  air  ascends  when  it  is 
heated'by  south  winds,  and  flows  away 
in  all  directions;  in  consequence  of 
which,  its  volume  is  dtiniim/ied,  and  the 
riiercuiy_/fl//s. 

Q,  What  is  the  3d  special  rule  with  regard 
to  the  baromcUr  ? 

A.  VVliile  the  barometer  stands  above 
30,  the  ail-  must  be  very  dry,  or  very 
cold,  or  perhaps  both — and  no  rain  may 
be  expected. 

Q.  "Why  will  there  be  no  rain  if  the  aik  be 
very  dry  ? 

A.  Because  dry  air  will  absorb  mois- 
ture, and  not  part  with  it  in  rain. 

Q.  my  will  there  be  no  v. Am  if  the  a\&  he 
very  cOLu  ? 

A.  Because  it  is  so  muc/i  condensed, 
that  it  has  already  parted  with  as  much 
moisture  as  it  can  spare. 

Q.  What  i$  the  4tii  special  ktile  with  regard 
lo  the  barometer  ? 

A.  When  the  barometer  stands  very 
loio  indeed,  there  will  never  be  much 
rain ;  although  a  fine  day  will  seldom 
occur  at  such  times. 
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A.  Sifif/.  heavy  showers,  with  suddeu 
squalls  of  wind  from  tiie  west. 

Q.  Why  will  there  be  VEny  little  kain,  if 
the  baromdcr  i:  ' 


A,  Uecaiise  ihe  air  must  be  very 
warm,  or  very  moist,  or  perhaps  Ooth. 

Q.  Why  wUl  there  be  little  or  no  rain,  if  Iht 
AIR  be  ven,  warm  t 

A.  IJecause  warm  air  has  a  tenden- 
cy to  imbibe  mme  moisture  and  not  to 
pari  with  what  it  has, 

Q.  TFAy  ibUI  there  be  little  or  no  rain,iftht 
air  be  moist  ajid  the  barometer  very  low? 

A,  Because  rain  will  never  fall  (even 
thoutrh  the  air  be  saturated),  till  cold  air 
has  been  introduced  to  condense  tlie  vor 
par:  And,  as  soon  as  cold  air  hiis  been 
introducedj  the  baroinetei"  wiU  rise  in- 
stantly, 

Q.  Name  ihe  5tii  specul  rule  wilh  regard 
to  the  baromder  ? 

A.  In  summer-time  (after  a  long-  con- 
tinuance of  fair  weather)  the  barometer 
will/«//  gradually  for  2  or  3  days  before 
rain  comes:  But  if  the  fall  of  the  mer- 
cury is  very  sudden,  a  thunder-storm  may 
be  expected, 

Q,  What  is  the  6th  special  rdlb  with  regard 
to  the  barometer! 
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A,  When  the  sky  is  cloudless,  and 
seems  to  promise  fair  weatlier — if  the 
barometer  is  low,  the  face  of  the  sky  will 
soon  be  suddenly  ooercasl. 

Q.  What  is  the  7th  special  rule  wilh  regard 
to  the  baramHer  ? 

A.  Dark  dense  clouds  will  pass  over 
without  Tain,  when  the  barometer  is 
high;  but  if  the  barometer  he  hw,  it 
will  often  rain  without  any  appearance  of 
clouds. 

Q.  What  is  the  8th  special  uule  wUh  regard 
to  the  baTomder  ? 

A.     The    higher    the  bai'ometer,  the 
g^reater  the  probability  o?  fair  weatlier. 
Q.       Why  is  the  barometer  high  in,  fine  wed- 

A.  Because  the  air  in  fine  weather 
contains  Virij  little  vapor.  The  drier  the 
air,  the  higher  does  the  mercury  of  the 
barometer  rise. 

Q.  What  is  the  9th  special  rule  with  regard 
to  the  barometer  ? 

A.  When  the  mercury  is  in  a  rising 
state,  fine  weather  is  at  hand  ;  but,  when 
the  mercury  is  in  a  sinking  slate,  foul 
weather  is  near. 

Q.  WAy  does  the  mercury  rise  at  the  approach 
^FisE  weather? 

A.     Because  the  air  is  becoming  more 
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dnj ;   and,  therefore,  its  pressure  is  in- 
cremed. 

Q.  JVk.1/  Joes  the  mcrcurj/  bink  al  the  approach 
ofrovj.  weather  f 

A.  Because  the  air  is  laden  idUJi  va- 
por or  dtHurbcil  Inj  ic'md. 

Q.       Why  doef  vap'-h  in  the  air  make  the  mer- 

"A.  Because  vaporized  air  is  lighter 
than  dry  air;  and  its  pressure  oti  the 
barometer  loss. 

Q.  What  is  the  10th  specjal  eule  -with  re- 
gard to  the  ha/rom^er  ? 

A.  If  (in  frosty  weather)  it  begins  to 
snow,  the  barometer  generally  rises  to 
30 ;  where  it  remains,  so  long-  as  the 
snow  continues  to  fall :  If,  after  tills,  the 
weather  dears  up,  you  may  expect  ven/ 
scvei-e  cold. 

Q.  Sow  can  yov,  know  if  the  mekcuey  of  the 
barometer  is  rising? 

A.  When  the  top  of  the  column  is 
convex  (i.  e.,  hig-her  in  the  middle  than  at 
the  sides),  the  mercury  is  in  a  rising  state. 

Q.  How  can  you.  tell  if  tlu  KEP.cur.r  of  Ike 
baromder  is  falling  1 

A.  When  the  top  of  the  column  is 
concavo  (i.  e.,  Iiollow  in  the  middle),  the 
mercury  is  in  a.  falling  slate. 

Q.       Why  is  the  mercury  convex  wheTi  it  U 
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A.  Because  the  parts  of  llie  nierciiiy 
in  contact  with  the  tube  are  delayed  by 
the  g'lass;  in  consequence  of  wlilch,  the 
midd-k  part  rises  faster  than  the  siles; 
and  the  surface  is  convex. 

Q.       Why  is  the  mercury  concave  Tcken  it  is 


A.  Because  the  parts  of  the  mercury 
in  contact  with  the  tube  are  delayed  by 
capillai-y  attraction;  in  consequence  of 
which,  the  middle  part  sinks  faster  than 
the  sidss  :  and  the  surface  is  concave. 

Q.  What  effect  does  a  thunder-stobm  produce 
on  the  vmaiher  1 

A.  It  is  generally  preceded  hy  hot 
weather,  and  followed  by  cold  and  show- 
ery weather. 

Q.  What  effect  docs  a  sudden  change  of  tern- 
perature  prodace  on  the  weather  ? 

A.  A  great  and  sudden  chang'e  (ei- 
ther from  hot  to  cold,  or  from  cold  to 
hot)  is  generally  followed  by  rain  iciihin 
24  /tows. 

Q.  Why  is  a  sitdilm  cnANOE  ffom  hot  to 
COLD  followc'l  by  itAiN  ? 

A.  Because  cold  condenses  the  air ; 
and  some  of  its  vapor  is  given  off  in 
Tain. 

Wliy  is  a  sudden  ciianob  from  ooLr  ta 
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A.  Because  the  air  is  quickly  sorfu- 
rated  wilb  nwislure :  but  when  night 
comes  on,  and  chills  the  temperature, 
some  of  the  abundant  moisture  is  g"iven 
off  in  rain. 

Q.  Why  is  the  air  quickly  saturated  with 
MOISTURE,  vihen  HEAT  TapLlly  succeeds  io  cold  ? 

A.  Because  the  evaporation  (which 
was  checliied  by  the  cold)  is  carried  on 
very  rapidly,  in  consequence  of  the  di- 
minished pressure  of  the  air. 

N.  B.  The  less  the  pressure  of  the  air,  the  more  rapid  the 
cvaporalioYt  of  moisture  will  lio, 

Q.       When  does  the  barometer  vary  most  1 

A.     In  winter-time. 

Q.  IViiy  does  the  barometer  vary  more  in 
wiNTEB,  than,  in  svMMi:R-time  ? 

A.  Because  tlie  difference  of  temper- 
ature between  the  torrid  and  temperate 
zones  is  much  greater  in  winter  than  in 
Bummer:  and  produces  a  greater  dis- 
turbance in  the  state  of  tlie  air. 

Q.       When  does  the  barometer  vary  least  ? 

A.     In  summer-time. 

Q.  JVhy  does  the  barometer  vary  less  in  sum- 
mer thaJi  ire  wiNTER-(iOTe .' 

A.  Because  the  temperature  of  the 
torrid  and  tempei-ate  zones  in  summer 
is  so  nearly  etjual,  that  its  state  is  not 
much  disturbed  by  interchange  ol  cur- 
rents. 
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Q.  Have  heat  and  cold  any  effect  on  the  ba 
Tomtltr  ? 

A.  No,  not  of  themselves;  but  be- 
cause cold  weather  is  generally  eitlier 
dry,  or  rough  with  north-west  winds, 
therefore  the  mercury  rises  in  cold  wea- 
ther :  And  because  warm  weather  is 
often  mold,  or  fating  by  south-east 
winds,  therefore  the  mercury  stjifts  in 
warm  wenther. 

Q.  Whj  is  the  mereuri/  of  a  barometer  loweh 
in  the  Tor.nm  l/taii  lit  the  ph.igid  zone  ? 

A,  Because  the  warm  air  of  the  tor- 
rid zone  contains  much  more  vapar  than 
the  condensed  air  of  the  frigid  zone; 
and  the  mokliir  the  air,  the  less  is  its 
pressure. 

Q.      I'l  what  woKTHs  is  the  barometer  liiGHEBT  1 

A.  In  May  and  August;  then  in 
June,  Miircli,  September,  and  April. 

Q.       Ill,  u-hal   MONTHS  is  the  barometer  lowest? 

A.  In  November  and  February  ;  then 
in  October,  July,  December,  and  Jan- 
uary. 

Q.  IVhy  u  there  less  wet  from  Makch  to 
Adoust  tkaii.  there  is  from  August  lo  Marih  ? 

A.  Because  the  heat  is  constantly  in- 
a-easing ;  and  the  capacity  of  air  to  ab- 
sorb and  retain  moisture  increases  like- 
wise. 
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Q.  Wkj/  is  there  moke  wn  from.  Acgust  (• 
March  lki,nfroni  March  to  Awguil  t 

A.  Because  the  heat  is  constantly 
dccrectsiiig ;  and  the  capiicity  of  air  to 
retain  ninisture  decreases  also;  so  that 
allhiiii^h  it  often  rains,  yet  tiie  air  is 
always  on  tlie  point  of  saliiralion. 

Q  TK/zy  does  the  ■mercwry  of  a  barometer  rjbb 
in  a  FROST  ? 

A.  Because  frost  condsmes  tlm  air; 
and  condensed  air  is  heavier  than  rare- 
fied air. 

Q,  Why  does  tlie  mercury  of  a  haromcUr  fall 
ina^iwwl 

A.  Because  the  air  is  filled  with 
vapor. 

Q.  What  does  a  sudden  rise  or  fall-  of  the  ba- 
Tomder  indicate  ? 

A.  If  the  rise  be  sudden,  fine  wea- 
ther will  not  continue  long  : 

If  the  fidi  be  sudden,  foul  weather 
will  not  continue  long:. 

Q,  Jfkal  sort  of  weather  may  vc  expect,  if  the 
harometer  ix  very  fluctuating  ? 

A.  If  the  mercury  fluctufites  much, 
the  weather  will  be  very  duttigcahk  and 
unsttilisd. 

The  fall  op  rne  bahometkh. 

In  vcij-  kill,  wi^iither,  the  fall  of  llic  mercury  denote* 
thunder.  Oihoiivisu,  Vaa  sudden rullin^' of  ibo  baj^metei 
denoU^s  Jii^Ii  M'iiid. 
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In  Jrosly  nonthur,  tlic  fall  of  the  barometer  denote"  Ihaiv. 

If  wet  weittUer  happens  soon  after  tlie  fall  of  the  bb 
Mmetcr,  cxpuct  but  liitle  of  it. 

la  ael  wuatlitr,  if  tho  barometer  falls,  expect  much  wut 

ti/airivoftthur.  if  tlie  barometer  falls  anrl  reviahis  low. 
emect  much  wet  in  a  few  days,  and  probably  wiai, 

S.  B.  Tlie  l)iirc]  meter  sinks  lowest  of  all  for  wind  anij 
Klin  togelher ;  neM  to  that  for  svlnd,  (escept  it  bo  an  east 
or  nurth-cast  wind.) 

The  rise  op  vur  bjboweteb. 
la  leiala;  the  rise  of  the  barometer  presages  frost. 
In  ftosly  (ifealhur,  the  rise  of  the  barometer  prosago 

If /ofr  weather  happens  soon  after  the  rise  of  tlio  ba- 
rometer, 05|«Mt  but  little  of  it. 

In  wet  wuathfir,  if  Ihe  mercury  rises  high  and  remains 
so,  expect  contliiiteil  /£,«  vxaUier  in  a  day  or  two. 

Id  iTOt  weaflier,  if  the  mercury  rises  siiddenly  very  high, 
fine  weather  ii-ill  not  lost  long. 

N.  B.  Tlio  baiMinetur  rises  liighost  of  all  for  north  and 
n'est  winds;  fur  all  oilur  winds  it  sinks. 

Thu  BiROMRTCiR  UNSETTLED. 

If  tlie  motion  of  iliu  morcury  bo  «is(.*&ii,  expect  unset- 
tled weather. 

If  it  stftiirl  nt "  Mtrcii  r*iv  "  and  rise  to  "  cnxsatisix," 
expect  fair  Kcdhsf  uf  tkarl  CBnlinaajice. 

If  it  stand  at  ■'  pna  "  and  fal!  lo  "  cha-vorahle,"  espoct 
fimi  iventber. 

N.  B.  Its  n 
fineiveatbor;  i 
of  foul  weatliei 


SNOW.    HAIL.    RAIN. 
CHAPTER   XXVI. 

Q.       Wial  is  ssow  1 

A.     Tiie  condensed  vapor  of  the  air 
frozen,  and  precipitated  to  tlie  earth. 


810  3N0W. 

Q.       What  is  Ihe  cause  of  sxow  ? 

A.  Wlien  tlie  air  is  nencly  &aliirated 
with  viipor,  and  condensed  by  a  current 
of  air  h^biD  freezing  point,  some  of  the 
vapor  is  condensed,  and  frozen  into 
snow. 

A  fuw  years  ^n,  some  fishermen  fwho  wintered  at 
Kovn  Zeinlila)  uRcr  tbey  had  bcun  Hliiit  u|i  in  a  hut  for 
several  days,  iip^ned  Oie  mndou!,  anil  llio  i»lrl  external  air 
rushlnv  iu,  instantly  condensed  the  air  of  tliu  hut,  and  its 
vapor  lull  on  thti  floor  in  a  ihower  of  siiuin. 

Q,       lVh.1)  does  snowfall  in  wr^n-Rn  ihm  ? 

A.  Because  the  sun's  rays  are  too 
obli(pie  to  heat  the  surface  of  the  earth; 
and  (as  the  earth  has  no  heat  to  radiate 
into  the  air)  the  air  is  very  cold. 

Q.       What  is  the  cause  0/ sleet? 

A.  When  flakes  of  snow  (in  their 
descent)  pass  through  a  bed  of  air  above 
freezing  point,  they  partially  nielt;  and 
fall  to  the  earth  as  half-melted  snow,  or 
sleet. 

Q.       JVJiai  is  the  use  of  snow  ? 

A.  To  keep  the  earth  warm,  and  to 
nourish  it. 

Q.      Does  snow  kcfp  the  earth  warm  ? 

A.  Yes,  because  it  is  a  very  bad  am- 
dactjr;  in  consequence  of  wJiich,  when 
the  earth  is  covered  with  snow,  its  tem- 
perature   very    rarely   desceiids    below 
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freezing  paint,  even  ■w.-hen  the  air  is  15 
or  20  de2:i'ees  colder. 

Q.  Wuv  is  SNOW  *  BAD  CONDUCTOR  i^heat 
and  told  1 

A.  Because  air  is  confined  and  en- 
tang-led  among-  the  crystals;  and  air  is 
a  veiy  bad  conductor:  When,  therefore, 
the  earth  is  covered  with  snow,  it  cannot 
throw  off  its  heat  by  radiation. 

Q.  TAl  me.  tlie  words  of  the  Psalmist  (oxlviL 
16)  respecting  snow  ;  arid  explain  what  he  tiieans  ? 

A.  The  Psalmist  says — "The  Lord 
giveth  snow  like  wool ;"  and  he  means, 
not  only  that  snow  is  as  white  as  wool, 
but  that  it  is  also  as  warm  as  wool. 

Q.       Wky  is  WOOL  warm  I 

A.  Because  air  is  entang'led  among- 
the  fibres  of  the  wool ;  and  air  is  a  very 
bad  conductor. 

Q.       Why  is  snow  warm  ? 

A-  Because  air  is  entangled  among 
the  crystals  of  the  snow;  and  air  is  a 
Very  had  coudactor. 

Q.       XVky  iloes  snow  hourish  [he  earth  ? 

A.  Because  it  supplies  moisture  con 
taining  carbonic  acid;  which  penetrates 
slowly  into  the  soil,  and  insinuates  it.self 
throug-h  every  clod,  ridge,  and  furrow. 

Q,      Why  is  there  no  snow  in  rrMriEK  timet 


A.  Because  the  heal  qft'ia  earth  melts 
it  ill  ils  descent,  and  prevents  it  from 
reaching'  the  surface  of  the  eanh. 

Q.       Wky  are  ioaie  mountains  always  cover 

ED  Wilk  SNOW  1 

A.  lat — Because  the  air  on  a  high 
mountain  is  more  j-areficd ;  and  rarefied 
air  retains  miich  heat  in  a  latent  state : 
and 

2dly — Mountain-tops  are  not  surround- 
ed by  earth,  to  radiate  heat  into  the  air ; 
and,  therefore,  the  snow  is  not  incited 
in  its  descent,  but  falls  on  the  mountain, 
and  lies  there. 

Q.      Wkyiss^ow  wiKTE? 

A.  Because  it  is  foniaed  of  an  infinite 
number  of  very  minute  crystals  and 
prisms,  which  reflect  all  the  colors  of  the 
rays  of  light  from  different  points ;  and 
these  colors,  unUing  before  iliey  meet 
the  eye,  cause  snow  to  appear  white. 

Tlie  same  answer  applies  to  salt,  luaf-sugar,  Ac.  (Sbt 
t  372.) 

Q.       WhaiisiiKiL7 

A.  Rain,  which  has  passed  in  its 
descent  through  some  cold  bed  of  air,  and 
has  been  frozen  into  drops  ofice. 

Q.  JVAat  mtUxi  one  bed  of  air  coldeii  than 
anolker  ? 
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A.  It  is  frequently  caused  by  ekc- 
tridtij  unequally  distributed  in  the  air. 

Q.  Whi/  is  HsiL  frequently  accompanied  toiih 
THUNDER  and  lightneng? 

A.  1st — Because  the  congelation  of 
water  into  hail  disturbs  the  electricity  of 
the  air:  and 

2Jly — The  friction  (produced  by  the 
fall  of  hail)  excites  it  still  more. 

Q.  IVkff  does  HAIL  fall  geMTolly  in  bhmmeb 
and  autumn'? 

A.     1st — Because    the  air  is  more 

highly  electiijied  in  summer  and  autumn 
than  in  winter  and  spring:  and 

2dly — The  vapors  in  summer  and 
autumn  (being-  rarefied)  ascend  to  more 
elevated  regions,  which  are  collier  than 
those  nearer  the  earth. 

Q,       What  TWO  things  are  essential  to  cause 

SAIL? 

A.  Two  strata  of  clouds  having  oppo- 
site electricities,  and  two  currents  oficind. 
The  lower  cloud  (being'  negative)  is  the 
one  precipitated  in  hail. 

Q.       WhatisKKml 

A  The  vapor  of  the  clouds  or  air 
condensed,  and  precipitated  to  the  earth. 

Q.       TlHien  is  the  mpnr  of  the  air  or  ehudi 
paEciPiTATED  in  hail,  rain,  or  snow  t 
14 
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A.  When  the  air  is  saturated  with  va^ 
por,  and  a  cold  current  con(/anses  it;  it 
is  ttien  no  longer  able  to  hold  all  its 
vapor  in  solution,  and  some  of  it  falls  as 
rain. 

Q.       WTiy  does  haih  fall  in.  DRors  ? 

A.  Because  the  vapory  particles  ia 
tlieh'  descent  attract  each  oilier;  and 
those  which  are  sufficiently  near  unite, 
and  form  into  drops. 

Q.       Why  docs  not  the  cold  of  nioiit  ai-ways 

A.  Because  the  air  is  not  always  near 
saturation ;  and  unless  this  be  the  case, 
it  will  be  able  to  hold  its  vapor  in  solu- 
tion, even  after  it  is  condensed  by  the 
chilly  night. 

Q.       Why  does  a  fassino  clood  often   drop 

A.  Because  the  cloud  (travelling 
about  on  the  wind)  comes  into  contact 
with  something  that  chills  it ;  and  its  va- 
por being  condensed,/([^/s  to  tlie  earth  aa 
rain. 

Q.  Why  are  rms-jirops  sojnetimes  much 
LiEoEa  than  at  other  titvs  ? 

A.  Because  the  rain-cloud  is  floating 
near  the  earth;  when  this  is  the  case, 
the   drops    are   large,  because    such   a 
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clouiJ  is  much  more  dense  than  one  mofe 
elevated. 

The  size  of  tlie  rain-drop  is  also  ijicrcnseil.  according  to 
Ihe  rapidity  with  whJcb  tlio  vapors  are  coiidensud. 

Q.  Dots  not  WIND  somdimes  lvckease  ihe 
tazE  (f  ram-drops? 

A.  Yes ;  by  blowing;  two  or  more 
drops  into  one. 

Q.       Why  do  CLOODS  pall  in  kainy  weather  ? 

A.  1st — Because  tliey  are  /tc«D^  with 
abundant  vapor ;  and 

2dly — The  density  of  the  air  being- 
diminislml,  is  less  able  to  buoy  the  clouds 
up. 

Q.  How  do  you  know  that  ilie  diSneity  of  the 
air  is  diminished  in  ratny  weather? 

A.  Because  tlie  mercury  of  a  Via- 
roraeter_/ff//s. 

Q.  Why  is  rain-water  more  fektilizibo 
(AanPUMP-WATEtt? 

A.  1st — Because  it  contains  more 
carbonic  acid:  and 

2dly — It  contains  also  a  small  quan- 
tity of  ammonia,  with  which  it  supplies 
the  youn»  plants. 

It  13  probatile  that  the  ammonia  of  rain-waktr  is  merely 
thBt  whieli  escapes  from  putrefying  animal  matters,  beaten 
haek  by  the  force  of  the  ahosver. 

Q.       Why  does  rain  pup.ipr  the  air,  ? 

A.    1st — Because  it  bsals  down  the 
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noxiMia  exhalotians  collected  in  the  air, 
antl  dissolves  thein : 

2<Jly— It  mixes  llie  air  of  llie  tt/j/wr 
regjiotis  with  that  of  the  lower  regions: 
and 

3{]ly — It  washes  the  eartit,  and  seta  in 
motion  llie  stagnant  coiilenls  of  sewers 
and  ditches. 

Q.  W/ty  are  mountainous  countries  more 
KAiNV  than  flat  ones  ? 

A.  Because  the  air  (striking'  ag'aiast 
the  sides  of  the  mountains)  is  carried  up 
the  inclined  plane,  and  brought  in  contact 
with  the  cold  air  of  the  higher  regions: 
in  consequence  of  which,  its  vapor  is 
condensed,  and  deposited  in  rain. 

Q.       Whj/  does  a  sponqi.  swell  when  il  m 


A.  Because  the  water  penetrates  the 
poi-es  of  the  sponge  by  capillary  attrac- 
tion, and  drives  the  particles /uji.'ter/ra/n 
each  other  ;  iu  consequence  of  which,  the 
bulk  of  the  sponge  is  greatly  increased. 

Q,  Why     do    FIDDLE- STRING  3     SNAP    in    WET 

weather  ? 

A.  Because  the  moisture  of  the  air 
(penetrating  the  string)  causes  it  to 
swell ;  and  (as  the  cord  thickens)  its 
tensio7iis  increa'^ed,  aad  the  string  snaps. 


Q.  IFSy  does  paper  pucker  when  il  is  wet- 
Jed! 

A.  Because  the  moisture  (penetrating 
Ihe  paper)  drives  its  particles  farlkei 
apart;  and  (as  the  moisture  is  absorbed 
unequally  by  the  paper)  some  parts  are 
more  enlarg-ed  than  others;  in  conse- 
quence- of  which,  the  paper  Uistsrs  or 
puckers. 

Q,  Why  do  the  wealher-toys  {called  capuchins) 
K/1  the  cowl  over  the  figures  in.  wet  weather,  and 

A.  Because  the  cowl  of  the  cap'nchin 
is  attached  to  a  piece  ofcai-giU  in  such  a 
manner,  that  when  t!ie  cat-gut  is  sliort- 
ened  by  moisture,  it  pulls  tlie  cowl  up; 
but  in  dry  weather  the  strina;'  i?  hDscned, 
and  the  cowl  falls  down  by  its  own 
weight. 

Q.  Ill  another  weathcr-tny  the  man  cames  out 
in  WET  weather,  and  Ike  ladv  in  fish  ; — Why  is 
this  ? 

A.  Because  the  two  figures  are  at- 
tached to  a  piece  of  cat-gui  in  such  a 
manner,  that  when  the  cat-gut  is  short- 
ened  by  moisture,  it  pulls  the  man  out ; 
but  when  it  is  loose,  the  wo/nan  falls  out 
by  her  own  weight. 

Q.      Why  are  wet  stockings  difficult  U 

PULL  ON  t 
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A.  Because  the  moisture  penetrates 
the  threads  of  the  stocking's,  oncl  causes 
them  to  shrink  in  size. 

Q.  la  tokich  TAET  of  ike  day  does  the  mmt 
V-wnfall  ? 

A.  More  rain  falls  by  night  than  by 
day;  because  the  cold  night  condenses 
ilie  air,  and  diminishes  its  capacity  for 
holding-  vapor  in  solution. 

Q.      Xfocs  more  rain  fall  in  shhxeb.  irr  hi  win- 

A.  There  are  more  rainy  days  from 
September  to  March ;  but  heavier  rains 
between  March  and  September. 

Q.  Why  are  there  more  kainy  days  from 
September  to  March  than  from  March  to  September? 

A.  Because  the  temperature  of  the 
air  is  constantly  decreasing,  and  its  capa- 
city for  liolding  vapor  decreases  also; 
in  consequence  of  which,  it  is  frequently 
obliged  to  part  with  some  of  its  vapor 
in  rain. 

Q.      In  what  TAKT  of  the  world  does  rain  faU 

MOST  ABUNDANTLY  ? 

A.  Near  the  equator  ;  and  the  quan- 
tity of  rain  decreases,  as  we  approach  tho 
poles. 

Be  it  remombered  that  there  are  fbwer  rainy  days, 
»]thoiigh  moi'e  ram  actimlly  falls  during  Iho  wvt  soaaon 
af  tlic;  miiiator,  than  Ma  in  12  moutlis  a(  <aiy  oilier  part 
of  tlie  globe. 
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CHAPTER  XXVII. 


Q.      Of  what  is  water  composed  ? 
A.    Of  tioo  gases,  oxyg-en  and  hydro- 
g-en. 

Ih  Qll'S.  of  water — 8  are  oxygen,  and  1  is  hydrogen. 

Q.  Tl%  is  WATER  FLUID? 

A.  Because  its  particles  are  kept 
separate  by  latent  Iwat :  When  a  cer- 
tain quantity  of  this  latent  heat  is  driven 
out,  tcaier  becomes  solid,  and  is  called 
ice. 

By  increasing  its  laleal  heat,  tlio  particles  of  water  ara 
again  subdivided  into  invisiile  ileum. 

Q.       Why  is  rcHi^wATEit  ealkd  "  hard  water  ?" 

A.  Because  it  is  laden  with  foreign 
matters,  and  will  not  readily  dissolve 
substances  iminersel  in  it. 

Q.       iVhal  makes  p'iMr-WATER  bard  ! 

A.  When  it  filters  l.hrp'^g'h  the  earth, 
it  becomes  imprej!;nated  with  sulpltate  of 
linic,  and  many  ether  impurities  from  the 
cartlis  ami  mimrals  with  which  it  comes 
in  contact, 

Q.       ll'kal  if  the  cause  o/'mineral  sPRrNGS  ! 

A.  WJien  water  trickles  throue^h  the 
ground,  il  dissolves  some  of  the  substan- 
ces with  whicia  it  conies  in  contact ;  if 


these  substances  are  metallic,  the  water 
will  partake  of  their  mineral  chf\racler, 

Some  water  is  imbued  with  lime ;  some  with  sait.  &c. ,  && 


A.  Because  the  soda  of  the  soap  com- 
bines with  the  sulp'iuric  add  of  the  hard 
water — and  the  oil  of  tlie  soap  with  the 
time — and  floats  in  flakes  on  the  top  of 
the  water. 

N.  6.  Sulphate  of  lime  comists  of  aulpbuiio  acid  aod 

Q.       Why  is  il  difficult  (owojA  in  SALTWATER? 

A.  Because  it  contains  munoiic  acid; 
and  the  soda  of  soap  combines  with  tho 
muriatic  acid  of  the  salt  imtar,  and  pro- 
duces a  cloudiness, 

Q.       What  is  the  cause  0/ petrifactions  ? 

A.  While  water  rolls  underground, 
its  impurities  are  held  in  solution  by  the 
presence  of  carbonic  acid :  but  when 
the  stream  reaches  the  open  air,  its  car- 
bonic acid  escapes,  and  these  impurities 
are  precipitated  on  various  substances 
lyin^  in  tlie  course  of  the  stream. 

These  impurities  are  especially  caibonata  of  limo  and 
Q.       Whi/  does  a  black  hat  turn  red  ai  th^ 

BEA-SIKE  ? 

A.    Because  the  muriaiic  acid  of  tlie 
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sea  water  disturbs  the  gallic  acid  of  tlio 
black  dye,  and  turns  it  red. 

Q.       Of  wkiit  is  SOAP  made  ? 

A.  Of  kelp  (or  the  aslies  of  sea-weed 
dried  and  burnt  in  a  pit)  mixed  with  oil 
or  fat. 

Yellow  Soap  ia  made  of  whalo  oil,  sotla,  and  renin. 
Bti^T  sojp  ia  made  of  oil  and  potasli,  Hahd  soap,  of  o3 
and  Hoda. 

Q.       W%y  docs  WATER  clean  dirty  lines  T 

A.  Because  it  dissolves  tlie  stains,  as 
it  would  dissolve  salt. 

Q.  Why  does  soap  greatly  jncrease  the  dean»- 
ing  pnwer  of  water  ? 

A.  Because  many  stains  are  of  a 
greasy  nature;  and  soap  lias  the  power 
0^  uniting  with  greasy  matters,  and  reo- 
derinj:  them  soluble  in  water. 

Q,  W%y  is  RAIN-WATER  SOFT  ? 

A.    Because  it  is  not.  impreg-nated 

with  cartlts  and  minerals. 

Q.  Wky  is  it  more  easy  to  wash  with  son 
tealer,  than  wilk  hakd? 

A.  Because  soft  water  unites  freely 
with  soap,  and  rfisso^ues  it ;  instead  of  de- 
composing it,  as  hard  water  does. 

Q.       WTiy  do  WOOD  ashes  make  hard  w<UeT 

SOFT? 

A.     1st — Because  the  carbonic   add 
ot  tvood  asltes  combines  wiUi  the  sulplwla 
,4. 


o/"  lime  in  the  hard  water,  and  converts 

it  into  chalk :  and 

2dly — Wood  ashes  convert  some  of 
the  soluble  salts  of  water  into  insoluble, 
and  throw  them  down  as  a  sediment;  in 
consequence  of  which,  the  water  remains 
more  pure. 

Q.  Why  has  rain-water  mchan  unpleasant 
iMELL,  ichen  it  is  collected  in  a  rain-water  tub  of 

A.  Because  it  is  impregnated  with 
decomposed  organic  matters,  washed 
from  roofs,  trees,  or  the  casks  in  which 
it  is  collected. 

Q.       Wky  does  water  melt  sugar  ? 

A.  Because  vei^  minute  particles  of 
water  insinuate  themselves  into  the 
pores  of  the  sugar,  by  capillary  attrac- 
tion ;  and  force  the  crystals  apart  from 
each  other. 

Q.       Why  does  water  melt  salt? 

A.  Because  very  mi  nute  particles 
of  water  insinuate  themselves  into  the 
pores  of  the  salt,  by  capillary  attraction; 
and  force  the  crystals  apart  from  each 
other. 

Q.  Why  does  melted  suoar  or  salt  give  a 
FLAVOR  to  water  f 

A.  Because  the  sugar  or  salt  (being 
disunited  into  very  minute  pieces)_^oa/j 
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about  the  water,  and  mixes  with  every 
pait. 

Q.  Why  does  hot  water  melt  sugar  arid  saU 
QVicKEi!  Ihan  COLD  water  ? 

A.  Because  the  Jieat  (entering'  the 
pores  of  the  sug^ar  or  satt)  opens  a  pas- 
sag-e  for  the  water. 

Q.       WIty  is  sEA-WATEa  brackish  ? 

A.  1st — Because  the  sea  contaiua 
mines  of  salt  at  the  bottom  of  its  bed  : 

2dly — It  is  impregnated  with  biiami- 
nous  matter,  which  is  brackish  :  and 

3dly — It  contains  many  puirid^  sub- 
Btanccs  of  a  brackish  nature. 

Q.  TPSy  is  NOT  RAm-WATEa  salt,  allkougk 
most  of  it  is  evaporated  from  ike  sea  ? 

A.  Because  salt  will  not  evaporate; 
and  therefore  when  sea-water  is  turned 
into  vapor,  its  salt  is  left  behind. 

Q.       Why  does  stagnant  waler  fcttrepy  ? 

A.  Because  leaves,  plants,  insects, 
&c.,  are  decomposed  in  it. 

Q.  WTiy  is  STAONANT  waier  fall  of  worms, 
EELS,  ^c. .' 

A.  Because  numberless  insects  lay 
their  eggs  in  the  leaves  and  plants  float- 
ing- on  the  surface ;  these  eggs  are  soon 
hatched,  and  produce  swarms  of  worms^ 
eels,  and  insects. 
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Q,  W%^  is  FLOWING  water  free  from  ihesi 
mruKiTiEs? 

A.  1st — Because  the  motion  of  run- 
ning- water  prevents /ermeniation : 

2dly — It  dissolves  the  putrid  substan- 
ces which  happen  to  fall  into  it:  and 

3dly — It  casts  on  the  bank  (by  its 
current)  such  substances  as  it  cannot 
dissolve. 

Q.  IVhy  does  runnino  water  oscillate  and 
wiiiRL  in  its  current  f 

A.  1st — Because  it  impinges  agrainst 
its  banks,  and  is  perpetually  diverted 
fi-onn  its  forward  motion  :  and 

2dly — Because  the  centre  of  a  river 
flows  faster.  Iban  its  sides. 

Q.       \yiyido  the  sides  of  a  river  Jlow  more 

TARDOM  i^'aa,  ilS  CENTRE  ? 

A.  Because  tliey  rub  against  the 
banks,  and  are  delayed  in  their  current 
by  lliis:  friction. 

Q.       W7iy  does  soap?  wiUer  bubble? 

A.  Because  soap  makes  the  icaier  te- 
nacious ;  and  prevents  the  bubbles  from 
bursting  as  soon  as  they  are  formed. 

Q.       M^yicUl  not  water  bubble  without  soap? 

A.  Because  it  is  not  tenacious  enough 
to  hold  together  the  bubbles  that  are 
formed. 
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Q.       WTtfn  soAP-BirBBi-ES  are  hlownfrom  a  pipe 
why  do  Ihe.y  ascend  1 

A.     Because  they  ave  filled  with  warm 
breath,  wUicli  is  lig-hter  than  air. 


CnAPTER   XXVIII. 

Q.       Whath\cY.% 

A.  Frozen  water.  When  the  air 
IS  reduced  to  32  de,2Tees  of  heat,  water 
will  no  longer  remain  in  a  fiaid  state. 

Q.      Why  is  solid  ice  lighter  Ikan  water  ? 

A.  Because  water  expands  by  freez- 
ing" ;  and  as  the  bulk  is  increased,  the 
gravity  must  be  less. 

Nine  cubic  inclios  of  ivater  become  ten  when  frozen. 

Q.  Why  do  EWERS  BREAK  in  »  FROSTY  BIGHT  ? 

A.  Because  the  water  in  ihetn  freez- 
es ;  and  (expanding  by  frost)  bursts  the 
ewers  to  make  room  for  its  increased 
volume. 

Q,  Why  does  il  not  expand  upwards  (li/ci 
boiling  water),  and  kun  otee  ^ 

A.  Because  the  surface  is  frozen 
first;  and  the  fi'ozen  surface  acta  as  a 
plug,  which  is  more  difficult  to  burst 
than  the  eai-then  ewer  itself. 
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Q.  Wht/  da  TILES,  STONES,  and  r.ocKS  ^e* 
SPLIT  i/i  wilier  ? 

A.  Because  the  moisture  in  thera 
freezes;  and  (expanding- by  frost)  sp/itt 
tlie  solid  mass. 

Q.  Ill  winler-time,  poot-mauks  aiid  whbel- 
r.UTS  are  often,  covered  wilh  an  icy  net-Work, 
through  Ihe  iuUi  slices  of  which  the  soil  is  clearly 
seen, : — Wiiv  does  ihe  water  freeze  in  net-work  ? 

A.  Because  it  freezes  first  at  the 
^es  of  the  foot-prints:  other  crystals 
gradually  shoot  across,  and  would  cover 
the  whole  surface,  if  the  earth  did  not 
ahsorlj  the  water  before  it  had  time  to 
freeze. 

Q,  In  winter-time,  these  foot-habks  and 
WKEE[,-r.i;TS  are  sometimes  covered  wilh  a  perfect 
SHEET  of  ice,  and  not  an  icy  net-work: — Why  U 

THIS  1 

A,  Because  the  air  is  colder  and  the 
earCk  harder  than  in  the  former  case,  in 
consequence  of  which,  the  entire  surface 
of  the  foot-print  is  frozen  over  before  the 
earth  has  had  time  to  absorb  the  water. 

Q.  Why  is  not  the  ice  bolid  in  these  ruts  ?— • 
Why  is  there  only  a  very  thin  film  or  net-work  of 
ice? 

A.  Because  the  earth  absorbs  ■most  of 
the  water,  and  leaves  only  the  icy  JUm 
beliind. 

Ht,itt.b.Googlc 


EXPANSION    OF   "ffATER,  327 

Q.  W^i/  do  WATER-PIPES  frequently  bukst  in 
IROstf  weather  ^ 

A.  Because  the  water  in  thein/z-eez- 
69 ;  and  (^expanding  by  frost)  bursts  the 
pipes  to  make  room  for  its  increased 
volume. 

Q,      Does  not  water  expand  by  heat  as  well  at 

by  COLD  t 

A.  Yes ;  it  expands  as  soon  as  it  is 
more  tlian  42  degrees,  till  it  bails;  after 
which  time,  it  flies  off  in  steam. 

Preening  watur,  Zl".  212°,  Boiling  water, 


from 


Here  A  B 
a,  degrees. 
It  goes  on  increasing  in  built  to  C  D,  wlien  it  Iwils. 
It  also  goes  na  iiicrcasingialiulkto  E  F,  when  itfre 

Q.      When 
told? 

A.  AVhen  it  is  reduced  to  42  deerees. 
Water  is  wisely  ordained  by  God  to  be 
an  exception  to  a  very  general  rule — il 
contracts  till  it  is  reduced  to  42  degfrees, 
and  then  it  expands  till  it  freezes. 

Tlie  general  rnle  ia  this— That  cold  a/adenses  and  cot*- 


Q,      Why  does  water  expaid  when  U  freezes? 

A.  Because  it  is  convened  into  solid 
crystals  which  rfa  not  fit  so  dosclij  as  par- 
ticles of  water  do. 

Q,       Why  is  tJte  bottom  nfa  river  never  fro- 

A.  Because  water  ascsnds  to  the 
suiface,  so  soon  as  it  becomes  colder 
thai]  42  degrees  ;  and  (if  it  freezes) _^oa/s 
there  till  it  is  melted. 

Q.  Show  the  wisdom  o/God  in  this  ir>oivJerfid 
excfption  to  a  general  law. 

A.  If  ice  were  heavier  than  water,  it 
would  sink;  and  a  river  would  soon  be- 
come a  solid  block  of  ice,  wliich  could 
never  be  dissolved. 


Q  Why  doss  ml  the  ice  on  the  surface  of  a 
river  CHILL  the  water  beseatii  and  make  it  freeze  T 

A.  1st— Because  water  is  a.vDnj  bad 
condactn;  and  is  heated  or  chilled  by 
CONVECTION  only : 

2dly — ^If  the  ice  on  the  surface  were 
to  communicate  its  coldness  to  the  water 
beneatii,  the  water  beneatli  would  com- 
municate its  heat  to  tite  ice,  and  the  ice 
would  instantly  msU  :  and 

3dly— The  ice  on  the  surface  acts  as 
a  shield,  to  prevent    the    cold  air  from 
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penetrating  througk  i'le  riccr,  to  freeze 
the  water  beiow  llie  surface. 

Q.  Why  does  water,  freeze  at  iks  surface 
first? 

A.  Because  the  surface  is  in  contact 
with  the  air,  and  the  air  carries  away  its 
heat. 

Q.  Wfi!/  'Iocs  the  coat  of  ice  grow  thickck  wtid 
rrciicKER  if  Ike  frost  co^jtinues  ? 

A.  Because  tlie  Jieat  of  the  water 
(immediately  below  the  frozeri  surface) 
passes  through  the  pores  of  tlie  ice  into 
the  cold  air. 

Q,  Whi/  are  not  whole  rivers  phozen 
{/flyer  by  layer),  till  they  become  solid  ice 

A.  Because  water  is  so  slow  a  con- 
ductor, that  our  frosts  never  continue 
iong  enough  to  convert  a  whole  river  in- 
to a  solid  mass  of  ice. 

Q.  Why  does  not  running  viaier  freeze  so 
FAST  as  STILL  water? 

A.  1st— Because  the  motion  of  the 
current  disturbs  the  crystals,  and  prevents 
their  forming:  into  a  continuous  surface  :. 
and 

2dly — Tile  heat  of  the  under  surface 
is  communicated  to  the  upper  surface  by 
the  rolling  of  tlie  leater. 

Q.  When  running  leatet  is  frozcn  why  it 
fhe  ICE  generalLy  very  hough  I 
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A.  Because  little  flakes  of  ice  are 
first  furmed  and  carried  down  the  stream, 
till  iliey  meet  some  obstacle  to  slop  them ; 
othe7-  flakes  of  ice  (impinging  against 
them)  are  arrested  in  like  manner;  and 
the  edges  of  the  different  flakes  overlap- 
ping each  other,  make  the  surface  rough. 

Q,       VFAy  do  SOME  parts  of  a  kiver  freeze 

A.  Because  springs  issue  from  the 
bottom  ;  and  (as  they  bubble  upwards) 
thaic  the  ice,  or  make  it  thin. 

Q.  When  persofis  YAi,j.i>ilo  a  kiver  in  wilier- 
time  vihy  does  Ike  water  fed  renarkubly  warm  t 

A.  Because  the  frosty  air  is  at  least 
10  or  12  degrees  colder  than  the  water  is. 

_  The  water  billow  the  surface  b  at  least  42"  j  bat  the 

Q.  Whij  is  SHALLOW  vtaler  frozen  more 
QcicKLY  th^ln  DEEP  utaleT  ? 

A.  Because  the  idiole  vot)im.e  of  water 
must  be  cooled  to  42  deg^rees,  before  the 
surface  can  be  frozen :  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of 
water  than  a  shallow  one. 

Q.  TFAj  is  SBA-WATEH  RARELY  FROZEN? 

A.  lt:;t— Because  the  mass  of  water 
is  so  great,  that  it  requires  a  very  long 
time  to  coo!  the  whole  volume  down  to 
42  degrees : 
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2clly — Ti.e  ebb  and  Jiov)  of  the  sea  in- 
terfere with  ihe  coolings  influence  of  the 
air  :  and 

3cl!y_-^a/;  water  never  freezes  till  the 
surface  is  cooled  down  25  degrees  bslow 
freezing  point. 

Q.       Why  do  soms   lakes  rarely   {if  ener) 

FREEZE  1 

A.  Ist^Because  they  are  very  deep : 
and 

2dly — Because  their  water  is  supplied 
by  springs,  which  bubble  from  the  bot- 
tom. 

Q.       Whi/  does  ihe  depth  of  -water  KirrARD  iti 

FREEZING  ? 

A.  Because  the  ichole  volume  oficater 
must  be  reduced  to  42  degrees,  before 
the  surface  iciil  freeze:  and  the  daeper 
the  water,  the  longer  it  will  be  before 
the  whole  volume  is  thus  I'educed. 

Q,       IVhij  do  SPRINGS  at  the  bottom  of  a  lakt 

PREVENT  its  FEEEZING? 

A.  Because  they  keep  continually 
sending  forth  fresk  water,  which  pre- 
vents the  lake  from  bein^:  reduced  to 
the  necessary  degree  of  coldness, 

Q.  It  is  cor-DER  in.  a  thaw,  than  in  a  frost. 
Explain  the  Teason  of  this. 

A.  When  frozen  water  is  tluiiced,  it 
absorbs  heat  from  the  ai7;  &c.,  to  melt 
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the  i:;c;  iu  consequence  of  which,  the 
heat  of  llie  air  is  greally  reduced. 

Q,  It  is  waRWER  in  a  rr.osT  than,  in  a  thaw. 
Explain  the  reason  of  Ihis. 

A.  When  water  freezes,  it  g-ives  out 
(ateiit  heat,  in  order  lliat  it  may  be  con- 
verted into  solid  ice  ;  and,  as  much  heat 
is  hberated  from  the  water  to  the  atmos- 
phere, the  air  feels  ivarnur. 

Q,  Salt  dissolves  ice.  Explain  the  reason 
ofthis. 

A.  Water  freezes  at  3S°,  but  salt 
and  water  will  not  freeze  till  the  air  is 
25  degrees  colder ;  if,  therefore,  salt  be 
added  lo  frozen  water,  it  dissolves  it. 

Unices  the  thermometer  stands  below  7°. 

Q.       Will  any  thing  dissolvg  ice  besides  salt? 

A.  Yes  ;  any  otii/,  sucli  as  sulphuric 
acid,  nitric  acid,  &c. 

Q.  Why  is  a  mixture  o/'salt  and  snow  e(dd- 
er  than,  s^Jow  itself? 

A.  Because  salt  dissoloes  the  crystals 
of  snow  into  a  fluid :  And  whenever  a 
solid  is  converted  into  a  fluid,  heal  is  ab- 
sorbed, and  the  cold  made  more  intense. 

Q.       JVhr/  does  frost  make  the  eajitii  chack  ? 

A.  Because  the  water  absorbed  by 
the  earth  in  warm  weatlier,  expanding 
by   the   frost,  thrusts   the  particles  of 


earth  apart  from  each  other,  and  leaves 
a  chink  or  crack  between, 

Q.      Skou!  ike  WISDOM  of  God  in  this  arrange- 

A.  These  cracks  in  the  earth  let  in 
air,  dew,  rain,  and  many  gases  favorable 
to  vegetation. 

Q.       Whr/  does  the  eakth  crumble  in  spuing  ? 

A.  Because  the  ice  of  the  clods  dis- 
solves; and  the  particles  of  earth  (which 
had  been  thrust  apart  by  the  frost)  being: 
\eCl  unsupported,  tumble  into  minute  parts, 
because  their  cement  of  ice  is  dissolved. 

Q.       IV/iy  does    mortak    crumble    away  in 

A.  Because  it  was  not  dried  in  the 
warm  wcatkcr ;  therefore  its  moisture 
freezes,  expands,  and  thrusts  the  parti- 
cles of  the  mortar  away  from  each  other ; 
but  as  soon  as  the  frost  goes  the  loater 
condemes,  and  leaves  the  mortar  full  of 
cracks  and  chinks. 

Q.  W7i)/  does  STUCCO  peel  from  a  wall  in 
FROSTY  weather  ? 

A.  Because  the  stucco  was  not  dried 
i;i  the  warm  weather  ;  therefore  its  mois- 
ture//-eezcs,  expamls,  and  thrusts  its  par- 
ticles away  from  the  wall ;  but,  as  soon 
as  the  water  condenses  again    by    the 


thaw,    the  stucco  (being-  unsuppoited) 
falls  by  Us  own  loeig'it. 

Q,  Why  cannol  bricklayehs  and  tlasterem 
uork  ia  fuosty  wmlher  ? 

A.  Because  frost  expands  mortar, 
and  causes  the  bricks  and  plaster  to 
start  from  their  position. 

Q.  Why  do  BRICKLAYEHS  COVER  theiT  vork 
toilh  STRAW  in  spring  and  aulumn  ? 

A.  Because  straw  is  a  non-conduct- 
or; and  prevents  the  mortar  of  their 
new  work  from  freezing,  during'  the  cold 
nights  of  spring"  and  autumn. 

Q.  Why  are  water  piPEa  often  covered  with 
6TRAW  in  mnler-lime  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  loater  of  tJvi  pipes 
from  freezing,  and  the  pipes  from  burst- 
ing. 

Q.       Why  are  ddieale  tp.ees  covered  vtilh  straw 

in  WINTER  ? 

A.  Because  straw  (being  a  non-con- 
ductor) prevents  the  sap  of  tlie  tree  from 
being  frozen. 

Q,  Can  \^'ATER  he  frozen  in  any  way  be- 
sides by  frosty  weallmr? 

A.  Yes;  in  very  many  ways.  For 
example— a  bottle  of  water  wrapped  id 
cottfyii,  and  frequently  wctlcd  icitli  etiier, 
will  soon  freeze. 
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Q.  Why  wovlil  WATEK.  PKEEzt:  if  the  boilh 
were  kept  constantly  aeited  teilh  ether  T 

A.  Because  evaporation  would  carry 
off  the  heat  of  the  water,  and  reduce  it 
to  the  freezing  jioint. 

Q.  Why  does  ether  freeze  under  the  receiv- 
er of  an  AIR-PUMP,  when  the  air  is  exhausted  ? 

A.  Because  evaporation  is  very 
greatly  increased  by  the  diminution  of 
atmospheric  pressure;  and  the  ether 
freezes  by  evaporation. 

FREEZING  MIXTURES. 
1.    If  nitre  be  disaolvod  in  water,  the  hoat  of  the  liquid 
will  be  reduced  10  degrees. 

s.  ofnitre.  and  5  of  3al-a,mraoniac  (both  finely 


EowderedJ  l>e  disaoived  in  19  oz.  of  water,  the  heat  of  the 
quid  will  be  reduced  40  degrees. 

3.  IfBlba.  ofsnowbeaddud  tollb.  of  salt,  tliemixturs 
win  fall  to  0°  (or  33  degrees  below  ll'eezing  point). 
The  two  following  are  the  coldest  mixtures  yet  known — 

1.  Mix  31b3.  of  muriate  of  lime  with  lib.  of  snow. 

2.  Mix  511>s.  of  dilnled  sulphnrio  acid  with  41bs.  of  snow. 
Q.       Why  is  it  more  easy  to  swim  in  the  be* 

thatt  in  a  RivEB,? 

A.  Because  the  specific  gravity  of 
salt  water  is  greater  than  that  of  fresh; 
and,  therefore,  it  buoys  up  the  swimmer 
better. 

Q-  ff/iiB  do  cooks  ascertain  if  their  brine  be 
SALT  ENOUGH  for  pic/cling  ? 

A.  They  put  an  egg  into  tJmr  brine. 
If  the  egg'  sirtks,  the  brine  is  not  strong 
'  if  the  e^sr  floats,  it  is. 
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Q.  JVh)/  will  an  egg  simk,  if  the  hnne  be  not 
STRONC  enough  for  pickling  ? 

A.  Because  an  egg  wiil  be  the  hea- 
vier:  but  if  as  much  salt  be  added  as 
the  water  can  dissolve,  an  egg-  will  be 
lighter  than  the  strong  brine,  and  conse- 
quently float  on  the  surface. 

Q.  Why  -will  an  egg  float  in  strong  brine 
and  not  in  waler  f 

A.  Because  the  specific  gravity  of 
eall  and  xcater  is  greater  than  that  of 
water  only. 

Q.       Why  do  persons  sikk  iri  water  when  they 

A.  Because  they  struggle  to  keep 
their  head  out  of  water. 

Q.      Explain  how  this  is. 

A.  When  the  head  is  thrown  back 
boldly  into  the  water,  the  mouth  is  kept 
above  the  surface,  and  the  swimmer  is 
able  to  breathe : 

But  when  the  head  is  kept  above  tite 
surface  of  the  water,  the  chin  and  mouth 
sink  beneath  it,  and  the  swimmer  is  suf- 
focated. 

This  may  be  illnstratod  thus ; — If  a  piece  of  wood  bo 
of  such  K])eciflc  gravity,  that  only  lien  srpiare  imJies  can 
flout  out  of  tvLiter;  it  is  tuanifbat,  that  if  two  olAer  inches 
are  miscd  out,  the  two  farmer  Indies  must  be  {ihingcd  in. 
The  body  (in  floating)  resonibloa  this  jiiuco  of  wood— 
"'—  sijuare  inches  of  llie  face  float  oiitof  Iho  water,  the 
"n  breathe;  but  if  part  of  the  back  and  erevnt 
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of  the  head  be  forciHy  raised  above  tliosurlicfi,  a  propor- 
tional (iiiaiility  of  llio  face  must  be  plunged  in;  aud  tha 
mouth  bueuiues  covered. 

Q.  W/iy  can  quadrupeds  smm  more  easily 
tha^  MAN  ? 

A.  1st — Because  the  tninic  of  quad- 
rupeds is  lighter  than  water;  and  this  is 
the  greatest  part  of  them :  and 

2dly — The  position  of  a  beast  (when 
swimming)  is  a  natural  one. 

Q.  Why  is  it  more  difficult  for  a  man  to 
«cim  than  for  a.  heast? 

A.  1st— Because  his  body  is  more 
heavy  in  proportion  than  that  of  a  beast ; 
and 

2dly — The  position  and  muscular  ac- 
tion of  a  man  (when  swimming)  differ 
greatly  from  his  ordinary  habits ;  but 
beasts  swim  in  their  ordinary  position. 

Q.       Mliy  can  fat  men  swim  more  easily  than 

A.  Because yui  is  lighter  than  icater; 
and  the  fittlcr  a  man  is,  the  more  buoy- 
ant will  he  be. 

Q.      JTnro  are  fishes  able  to  ascend  to  the  sdr- 

A.  Fishes  have  an  air-bladder  near 
the  abdomen ;  when  this  bladder  is 
Jilted  witii  air  the  fish  increases  in  size, 
and  (being  lighter)  ascends  through  the 
water  to  its  surface. 

15 
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Q.  How  are  fishes  able  to  dwe  in  a  minwte  tt 
tie  BOTTOM  of  a  stream  ? 

A.  They  expd  the  ah-  from  their  air- 
bladder:  in  consequence  of  which,  tlieir 
size  is  diminished,  and  they  sink  instant- 


CHAPTEIt    XXIX 

Q,  TFAffli  is  LIGHT? 

A.  Rapid  undulations  of  a  fluid  called 
ether,  made  sensible  to  the  eye  by  strik- 
ing on  tile  optic  nerve. 

Sco  p.  51. 

Q,         How  PAST  does  LIGHT  TRAVEL  ? 

A.  Light  travels  so  fast,  that  it  would 
go  eight  times  round  the  earth  while  a 
person  counts  "  one." 

Q,      Does  ALL  li^kt  travel  equally  fast  ? 

A.  Yes;  the  light  of  the  sun — the 
light  of  a  candle — or  the  light  from 
houses,  trees,  and  fields. 

Q.  Where  does  the  light  of  iiodses,  tkees, 
and  FIELDS,  come  from  ? 

A.  The  light  of  the  sun  (or  of  some 
lamp  or  candle)  is  reflected  from  their 
surfaces. 
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Q.  Why  are  some  surfaces  bt.tlt.iant  (Zifa 
flass  and  steel),  and  others  dull,  like  lead? 

A.  Those  surfaces  whicli  rejiact  the 
moHt  Ugkl,  are  the  most  briUianl ;  and 
those  which  absorb  tight  are  dull. 

Q.       IVhat  is  meant  by  reflecting  light? 

A.  Throwing-  the  rays  of  lisfht  badi 
again  from  the  surface  on  which  they 
fall. 

Q,       Ulat  is  meant  by  absorbtko  light? 

A.  Retaining-  the  rays  of  lii^lit  on 
the  surface  on  which  they  fall ;  in  con- 
sequence of  which,  their  presence  is  not 
made  sensible  by  reflection. 

Q,  Why  can  a  tejousand  persons  see  the 
SAME  OBJECT  at  the  same  lime  ? 

A.  Because  it  throws  off  from  its 
surface  an  infinite  number  of  rays  in 
all  directions;  and  one  person  sees  om 
portion  of  these  rays,  and  another  person 
another. 

Q.       Why  is  the  eye  painei>  iy  a  sodden  light  f 

A.  Because  the  nerve  of  the  eye  is 
burdened  with  rays  before  the  pupil  has 
had  time  to  contract. 

Q.  W%y  does  it  give  us  I  n,  if  a  candle  bt 
brov^kt  suddenly  towards  our  bed  at  nighttime? 

A.  Because  the  ■pupil  of  the  eye  di- 
lates  very  much  in  the  dark,  in  oi-der  to 
atlntit  more  rays.     When,  therefore,  a 
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candle  is  broiiGrht  suddenly  before  us,  the 
enlarged  pup'ih  ooerload  ihe  optic  nerves 
icdth  rays,  which  causes  paiti. 

Q.  Why  OAN  we  bear  Ike  candle-UgU  afier  a 
fill)  momrnU? 

A.  Because  the  pupils  contract  again 
almost  instantly  ;  and  adjust  themselves 
to  the  quantity  of  light  v/hich  falls  upon 
them, 

Q.  tFAy  can  we  see  notiiin-g,  when  we  leave 
a  ■w'F.LL-LiGriTED  TOOTH,  and  go  into   the   DAnKEa 

ROAD  or  STREET  ? 

A.  Because  the  pupil  (which  con- 
tracted in  the  bright  room)  does  not  dilate 
instantaneously;  and  the  contracted  pu- 
pil is  not  able  to  collect  rays  enough 
from  the  darker  road  or  street  to  enable 
us  to  see  objects  before  us. 

Q,       Why  do  we  SEE  BETTER,  when  we  get  used 

to  the  DARK? 

A.  Because  the  pupil  dilates  ag 
and  allows  more  rays  to  pass  through 
its  aperture ;  in  consequence  of  which, 
we  see  more  distinctly. 

Q.  If  we  hole  at  the  sun  for  a  few  moments 
why  do  all  OTHER  things  appear  dark  ? 

A.  Because  the  pupil  of  the  eye  be- 
comes so  much  contracted  by  looking  at 
the  sun,  that  it  is  too  small  to  collect  suf- 
ficient rays  from  other  objects  to  cixable 
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us    to   distinguish    their   colors.      (5fefl 
"Accidental  colors  ;"  pp.  375,  3T6-) 

Q.  If  lae  watch  a  bright  fire  for  a  fito  Jiwmenttf 
why  does  the  room  seem  dshk  1 

A.  Because  the  pupil  of  the  eye  be- 
comes so  much  contracted  by  looking"  at 
tiie  fire,  that  it  is  too  small  to  collect  suf- 
ficient rays  from  the  objects  around  to 
enable  us  to  distinguish  their  colors. 

Q.  Why  COM  we  see  the  trotbr  colors  of 
every  object  again,  afier  a  few  minules  ? 

A.  Because  the  pupil  dilates  a,s"ain 
and  accommodates  itself  to  the  light 
around. 

Q.      Why  can  tigers,  cats,  arid  owls,  see  in 

the  DARK  1 

A.  Because  they  have  the  power  of 
enlarging  the  pupil  of  their  eyes  so  as  to 
collect  several  scattered  rays  of  light ; 
in  consequence  of  which,  they  can  see 
distinctly  when  it  is  not  light  enough  for 
us  to  see  any  thing  at  all. 

Q.       Why  do  CATS  and  owls  sleep  almost  all 

DAY? 

A.  Because  the  pupil  of  their  eyes  is 
very  broad,  and  daylight  fatigues  tliem  ; 
60  they  close  their  eyes  for  relief. 

Q.  my  do  CATS  keep  wlnking,  whert  ihey  sil 
before  aT^^^% 

A.     Because  the  pupil  of  their  eye  is 
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peJT/  hroad,  and  llie  light  of  the  five  is 
painful ;  so  they  keep  shutting-  their  eyes 
to  relieve  the  sensation  of  too  much  light. 

Q.  Wkl/    ,'0    TEOERS,  CATS,  OWLS,  <^.,  PROWL 

by  NiGiiT  for  prey  ? 

A.  Because  they  sleep  all  daij  wlien 
the  strong  light  would  be  painful  to 
them  ;  and  as  they  can  see  clearly  in  the 
dark,  they  prowl  then  for  prey. 

Q.  V/hy  do  GLow-wor.Ms  glisk-n.  by  night 
vnly? 

A.  Because  the  light  of  day  is  so 
strong  that  it  eclipses  the  feeble  light  of 
a  glow-worm  ;  in  consequence  of  which, 
glow-worms  are  invisible  by  day. 

Q.       Why  can.  we  kot  see  the  stars  ia  the  day- 

TIME? 

A.  Because  the  light  of  day  is  so 
powerful  tliat  it  eclipses  the  feeble  light  of 
the  stars :  in  consequence  of  which,  they 
are  invisible  by  day. 

Q.  Why  can  we  see  ike  stars  even  at  ftiiD-i,Ar, 
from  the  botlom  of  a  deep  well? 

A.  Because  the  liglit  of  the  stars  is 
not  overpowered  by  the  rays  of  the  sun, 
which  are  lost  in  the  numerous  rejec- 
tions wliich  they  undergo  in  the  well. 
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Q.  JlliAi  is  the  USE  of  two  eyes,  since  they 
p-Kent  only  one  image  of  any  object? 

A.  To  increase  the  light — or  to  take 
in  more  ra>js  of  light  from  tlie  object 
looked  at,  in  order  that  it  may  appear 
more  disthict. 

Q.       Why  do  we  not  six  things  doxible,  with 

TWO  EVES  1 

A.  1st— Bpcause  the  axis  of  both  eyes 
is  turned  to  one  object;  and,  therefore, 
the  same  impression  is  made  on  the  ret- 
ina of  each  eye :  and 

2dly — Because  the  nerves  (wliich  re- 
ceive the  impression)  have  one  [miit  of 
union  before  they  reach  the  brain. 

ThLs  is  not  a]10f,tlhcr  satiafiictory,  altlioTigh  it  is  the 
eipJanntion  j;i'iii'i'ii,lly  g-iven.  The  plionoiiii^uon  jirobajjly 
is  rather  iisytlirilogital  liian  material. 

Q.       Why  do  we  see  ourselves  in  a  glass? 

A.  Ecctiuse  the  rays  of  liirht  from 
our  face  stiike  against  the  surface  of  the 
glass,  and  (instead  of  being-  absorbed) 
are  reflected,  or  sent  back  again  to  our 
eye. 

Q.       Why  are  the  rays  of  light  reflected  by 

a  MIREOR  ? 

A.  Because  they  cannot  pass  thinugh 
the  iinpcntt fable  metal  witli  wiiich  the 
back  of  tiie  g-Iass  is  covered;  so  they 
rebound  bach,  just  as  a  viarblc  would  do, 
if  it  were  tin-own  against  a  wall. 
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IVhen,  a  marhh  is  rolkA  towarils  a  waU, 
the  falh  THROUGH  WHICH  itiiuns  called? 
Tlie  line  of  incidence. 

When  a  marble  jiehounds  back  again, 
the  path  il  TH  en  describes  called  ? 

Tlie  line  of  reflkctiom. 

:;doncc,  then 


what  i 

A. 
Q- 

v)kat  i 
A. 

See  (Igura  1>olow.    If  ABte  the  lim 
BC  ia  tiiu  liiw.-  of  reflection  ;  and  ciec  tc-sa. 

Q-  WJu^/i  the  light  of  our  face  ^nes  to  Ihe 
GLASS,  u-hal  is  the  path  through  which  it  goes 

CALLED? 

A.     Tlie  line  o^  incidence. 

Q.  When,  the  light  of  our  face  is  reflccUd  back 
agaiv  from  the  mirror,  what  is  this  retuii.n'i\g  path 
called? 

A.     Tlie  line  oi reflection. 

Q.       What  is  Ihe  angle  cf  incidence? 

A.  Tlie  angle  between  ihe  line  of 
incidence  and  lUe  pe7-pendiciil(i>\ 

Q.       What  is  the  angle  ofre/Uclio't  ? 

A,  Tlie  angle  between  tiie  line  of 
rejlection  and  tlie  perpendiculLu-.  (^See 
Fig.) 


b.  Google 


REFLECTION. 


31S 


Let  SS  be  any  surface,  PB  a  perpendicular  to  it, — If  a 
marble  wiire  tliiuivii  from  A  to  B,  and  bounded  back  to 
C:  Ihen  AliP  would  be  called  tho  angle  of  incitlena:,  and 
CBP  the  miglf!  of  TcpUian. 

Q.  ^Vliy  'Iocs  our  rejleelion  in  a  mirror  seem 
to  APPROACH  us,  as  tee  walk  towards  il ;  and  to 
RETIRE  FKOH  us,  as  WE  retire? 

A.  Because  the  lines  and  angles  of 
inciikncc  are  always  egucU  to  the  Uiies 
and  angles  of  reflection  ;  in  consequence 
of  which,  the  image  will  always  seem 
to  be  as  far  behind  the  mirror  as  the  real 
object  is  befoi-e  it. 


Siipposo  A  to  bo  a  mirror— CA,  EA  and  DA,  FA,  i'He 
lines  of  Inciiiencu;  llion  QA,  KA  ami  IIA,  LA,  are  the 
lines  of  n.-i]ui;li'ni.  When  tlie  arrow  is  lit  CD,  ils  image 
will  apprar  Mt  Oil,  because  lino  CA=OA,  and  line  DA= 
IIA;  ami  nlso  the  angle  CAB=anglo  GAB,  and  angle 
DAB=IIAI!.  Fi)r  a  similar  reason,  if  tliu  arrow  were  al 
EF,  the  image  would  seem  to  bo  at  KL, 

Q.  TI7iy  can  a  man  see  his  wdolg  terson 
TtJUcled  in  a  lfttle  mirror,  not  6  inches  in  length  ? 
A.  Because  the  Urns  and  angles  of 
incukiwe  are  always  equal  to  the  Unen 
and  angles  of  reficctlon  ;  in  consequence 
of  which,  his  iinag-e  will  seem  to  be  as 
15* 


far  beliiiul  the  mirror  as  his  person  is 
before  it. 

TaUe  the  la«t  figiire^^D  is  much  lar^iT  flian  tho  mir- 
lorA;  but  tliu  Imail  ofthoaiTowC  ic  rullLrlwl  nbliiiiiely 
bchinil  tliu  niirnw  to  0 ;  and  the  liarb  D  !ii>]"'iii-s  ol  O.— 
Why!  BiKiiiise  line  CA=GA,  and  llni!DA=UA;  alseti.8 
angle  CAB=aiiglu  GAB,  and  angle  DAB=HAB. 

Q.  IVJii/  does  the  image  of  any  object  in  wa- 
ter alv)aj/x  appear  intep.tetj  1 

A.  Because  the  angles  of  incidence 
are  always  equal  to  the  angles  of  refiec* 
lion. 


-^ 


is  rcflic 


.s  tlio 


If  a  sin-cWtor  stands  at  0,  ho  mil  ace  tliorulloctod  lines 
CE  and  UP  jiruducod  aa  Car  as  Q. 

It.  is  very  pliiin,  tliat  A  (the  more  elevnJed  oliject)  will 
Btriko  the  water,  and  lie  projeetod  fmtn  it  more  pcrpen- 
ointBia   •  ■■       ■■        ■■     ■ 


dicularly  limn  tlio  poini 


n.  815. 


I,  therefore,  tiju  image  wilt 
n  WATEE, 


Q.       Il'7ifii  we  see  our  retlectton  i; 
teky  do  jre  .seem  lo  stand  on  our  hcad  ! 

A.     Because  the  angles  of  incidence 


are  always  cqial  to  the  angles  of  reftcc- 
tion. 

Suppose  onr  head  to  lie  at  A,  and  our  feet  at  B ;  then 
tlieshadi>w  of  our  lioad  ivill  be  seen  at  D.and.  tlii!  shadov 
of  onr  feet  at  C.     {Sx  figure  <mp.  346.) 

Q.  WAj/  do  WINDOWS  seem  to  blazg  tU  son- 
rise  and  SUN-SET? 

A.  Because  glass  is  a  good  reflector 
of  light ;  and  the  rays  of  the  sun  (strik- 
ing against  the  window-glass)  are  re- 
flpxted,  oi-  tlirown  back. 

Q.  ^Vl'y  do  NOT  windows  reflect  the  noon-das 
rays  also  ? 

A.  They  do,  but  the  reflection  is  Tiot 
seen. 

Q.  TTAy  is  Ihe  nJUction  of  the  rising  and 
SETTING  sun  sfm  in  the  viindow,  and  kot  tkot  of 
Ike  NOON-DAT  sun  ? 

A.  Because  the  rays  of  the  noon-day 
sun  entei-  the  glass  too  obliquely  ior  their 
reflection  to  be  seen. 
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Ill  the  preceding  cut,  AB  vcprcscnts  a  ray  of  tTie  noon- 
day sun  striking  the  window  at  B  ;  ita  itfleetiim  wi'I  lie  at  0. 

But  UB  (a  ray  of  tUe  rising  or  setting  san)  ivill  bo  re- 
flocicd  to  E  (tiiu  eye  of  the  spectator.) 

Q,  Wly  can  we  not  see  Ike  eeflectios  of  tht 
SUN  in  a  well,  during  ihe  day-time  ? 

A.  Because  the  rays  of  Ihe  sui?j  fall 
so  obliquebj  that  they  never  reach  the 
surface  of  the  water  at  all,  but  strike 
against  the  brick  sides. 


let  BDEC  "ba  the  wcl!,  and  DE  the  water. 

Tlie  ray  AB  Btrikea  against  the  liricli-work  insidt  the 
wall  i  and 

The  ray  AC  strikes  against  the  brick-work  mdside  th« 
well. 

None  irill  ever  touch  the  water  DE. 
Q.       Wky  are  stars  reflected  in  a  well 
alllwugh  the  suk  is  bot  ? 

A.     Because  the  rays  of  those  stars, 
which  pass  nearly  over-head,  will  not  fall 
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BO  obliquely  into  the  well  as  the  rays  of 
the  sun. 


Here  tho  star's  raya  AG,  AC,  hoth  strike  the  water  DE, 
fnd  are  reflected  by  it. 

Q,  On  a  lake  ofwaler,  lie  tiooa  seems  to  make 
a  PATH  of  light  towards  the  eye  of  the  spectator,  while 
all  the  KEST  of  the  lake  seems  dahic — Why  is  this  ? 
A.  Because  the  lake  is  in  deep  sha- 
dow ;  and  many  rays  which  would  be 
eclipsed  by  the  broad  light  of  day  be- 
come visible. 

The  same  poAi  of  light  may  bo  discerned  in  the  day-tima, 
when  3.  cloiul  passes  over  the  sun. 

Q.  la  a  sheet  of  water  at  noon,  the  sun  appears 
to  shine  upon  only  o?je  spot,  and  all  the  rest  of  the 
water  seems  dark — Wnr  is  this  J 

A.  Because  the  rays  fail  at  various 
degrees  of  obliquity  on  the  waler,  and 
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are  reflected  at  similar  angles ;  but  as 
only  those  which  meet  the  eye  of  the 
spedaior  are  visible,  all  the  water  will 
appear  dark  except  that  one  s}>ot. 


Here,  of  tho  rays  8A,  SB,  and  SC,  only  the  ray  BO 
meets  the  eye  of  the  spectBtor  D, 

The  spot  C,  therefore,  will  appear  laminous  to  the  spec- 
tator D,  but  no  other  spot  of  the  water  ABC. 

Q.  Why  are  more  stars  visible  from  a  kqvh- 
TiW  than,  from  a  plain  1 

A.  Because  they  have  less  air  to  pass 
through.  As  air  absorbs  and  diminishes 
light ;  thei-efore,  the  higJier  we  ascend, 
the  less  light  will  be  absorbed. 

Q.  Why  do  Ike  sun  and  moon  seem  lasobk 
at  tlieir  lusisG  and  SErriNO,  than  at  any  other 

A.    Because  the  arch  of  the  sky  (in 

which  the  sun  and  moon  are  seen)  is 
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farther  distant  at  the  horizon  than  it  i 
over-head. 


nbyoi 


□  and 


It  ivill  be  seon  from  the  figure,  that  tbo  sun  or  nioon  at 
the  horiaon  will  appear  much  larger,  because  CD  is  longer 
IhanCB. 

Tbe  Phenomenon  referred  to  on  p.  850,  (called  the  hor- 
izontal Sun  and  Moon),  has  perjilcxcd  philosophers  to  the 
E'esent  hour.  The  solntion  given  is  not  altogether  satis- 
ctory— Sir  J.  Herscbell  says,  "  The  dilated  size  of  tlio 
sttn  or  moon,  when  seen  near  the  hnrizoti,  has  nothing  to 
do  with  refracHen.  It  ia  an  illusion  of  the  jvn/gmeni,  aris- 
ing from  tlie  terrestrial  olijecta  interposed,  or  placed  in 
ismiparison  with  them.  Actual  meaanrcment  with  a  pro- 
per  instruinoEl  corrects  our  error,  without,  however,  dis- 
pelllng  our  Lloslon— the  whole  is  owing  to  the  effect  of 
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Q  TFSy  can  we  not  see  iulo  the  stuketot 
Toad^  when  candles  are  lighted  1 

A.  1st — Because  glass  is  a  reflector, 
and  throws  the  candle-liglit  back  iata  the 
room  again  :  and 

2dly — The  pupil  of  the  eye  (having 
become  contracted  by  the  lig-ht  of  the 
room)  15  too  small  to  collect  rays  enough 
from  the  dark  street  to  enable  us  to  see 
into  it. 

Q.  Why  do  we  often  see  the  tire  reflected 
in  our  parlor  window  i/t  w>inler-lime  ? 

A,  Because  g'lass  is  a  good  reflector  ; 
and  the  rays  of  the  fire  (striking  against 
the  window-glass)  art  mjlected  bade  into 
the  room  again. 

Q,  Why  do  vx  ofte.n,  ste  the  image  of  oar  can- 
dles in  the  viindow,  while  we  are  silling  in.  our 

A.  Because  the  rays  of  the  candle 
(striking  against  tlie  glass)  are  rcjlected 
back  into  the  room ;  and  the  darker  the 
night,  the  clearer  the  reflection. 

Q.  Why  is  this  refledion  more  clear,  if  tht 
external  air  be  dark? 

A.  Because  the  reflection  is  not 
eclipsed  by  the  brighter  rays  of  the  sun 
striking  on  tlie  other  side  of  the  wiiuLow. 

Q.  If  the  SHADOW  of  an  object  be  thrown  on  a 
wall — the  CLOBESL  the  object  is  held  to  the  CANuta 
lie  LARGEH.  icill  be  its  shadow,      IVAr/  is  this  ' 
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A.  Because  tlie  rays  of  Irg-ht  diverge 
(from  tlie  flame  of  a  candle)  in  straiglU 
lines  like  lines  drawn  from  the  centre  of 
a  circle. 


^ — L.  i 


Here  the  arrow  A  held  close  to  the  candle,  will  east  the 
shadow  BF  on  a  wall ;  while  the  sflxnc  arrow  held  at  C 
would  cast  only  the  little  shadow  DE. 

Q.  When  we  enier  a  long  avenue  of  treeb, 
WHY  does  the  aveaue  seem  in  get  narrower  and 
narrower  till  the  two  sides  appear  to  mekt  ? 

A.  Because  the  further  tlie  trees  are 
off",  the  more  acute  icill  be  the  angle  that 
any  opposite  two  make  with  our  eye. 


BtC  Ihu  width  bclwcen  tho  trees  C  and  D  will  seem  to 
ie  no  mcie  thau  EF. 

Q.  In  a  long,  straight  street,  wwr  do  tht 
homes  on  the  opposite  sides  seem  to  approach  keareb 
together  as  they  are  more  distant'? 

A.  Because  the  more  distant  the 
houses  are  the  more  acute  idUI  be  the  an- 
gle which  any  opposite  two  make  with 
our  eye. 

Thus  in  the  last  figure, 
If  A  anil  B  were  two  houses  at  tho  tnp  of  tho  street,  the 
etreet  ivould  seem  to  be  as  wide  as  tho  line  AB  ; 

And  if  C  and  D  were  two  houses  at  tho  boUom  of  the 
street,  the  street  there  would  seem  to  be  no  wider  than 
EF. 

Q.  In  an  avenue,  why  do  the  trees  seem  to 
be  siiALLEK  as  their  distance  increases  ? 

A.  Because  the  farther  tfte  trees  arc 
off,  the  more  acute  la'dl  be  the  angle  made 
by  their  perpendicular  heig"ht  with  our 
eye. 


fi 


Q.      In  a  long,  straight  street, 
houses  seem  to  be  s.maller  and  smaller,  the  f. 
Iheif  are  off  ? 

A.  Because  the  further  any  house  is 
off,  the  more  acute  wlllbetlie  angle  made 
by  its  perpendicular  heig:hl  with  our  eye. 
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Thus  in  the  last  figure, 
If  AB  be  a  house  at  the  top  of  tho  street,  its  perpendio- 
Bkr  height  wili  be  that  of  the  line  AG. 

IfCD  be  a  house  at  the  bottom  of  the  street,  its  perpeo- 
dlcuiar  height  will  appear  to  be  that  of  £F. 

Q.  Whj/  does  a  man  on  the  Tor  of  a  houn- 
lAiN,  or  church  spire,  seem  to  be  no  bicgeh  Ihan  a 

CKOW? 

A.  Because  the  angle  made  in  our 
eye  by  the  perpendictilar  heiglit  of  the 
man  at  that  distance,  is  no  bigger  than 
that  made  by  a  crow  close  by. 


Let  AB  be  a  man  oa  a  dlstaot  mountain,  or  spire,  and 
CD  a  crow  close  by: 

The  man  will  appear  only  as  high  as  the  line  CD,  which 
is  the  height  of  tlie  crow. 

Q.       Why  does  the  moon  appear  to  us  so  much 
LARGER  than  the  stars,  though,  in  fact,  U  is  agreaX 

deal  BMAI.l.ER't 

A,     Because  the  moon  is  very  much 
iwarcr  to  us  than  any  of  the  statb 


if) 
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Let  AB  represent  a  fixed  star,  and  CD  the  moon. 

AB,  though  iiiuoli  the  largor  ImkIt,  will  ap[iciii-  no  big- 
ger than  EF;  whereas  the  moon  (Cl>)  » ill  appear  ^  lai^ 
as  the  line  CD  to  the  spectator  0. 

The  mnon  is  240,000  miles  from  the  earth,  not  quite  a 
quarter  of  a  miUian  oC  milea.  The  nearest  fixed  stars  are 
a),000,(MXI,000,OOI>.     (i.  e.,  20  billions.) 

if  a  ball  went  500  miles  an  hour,  it  woald  reach  the 
moon  in  twenty  days :  but  il  would  not  reacii  the  nearefd 
fixed  star  in  4.500,000  years.  Had  it  begun,  therefore, 
when  Adam  was  croatcd,  it  would  be  no  further  on  its 

i'oumey  than  a  coach  (which  has  to  go  from  the  Land's 
ind,  Cornwall,  to  tlm  most  nortlioni  parts  of  Scotland) 
after  it  lias  passed  about  tliree-qiiarlors  of  a  mile. 

Q.  WSy  does  the  moon  {which  is  a  sphere) 
APPEAR  to  be  a  FLAT  surface? 

A.  Because  it  is  so  far  off  that  we 
cannot  distinguisli  any  difference  be- 
tween tlie  kngihqftlie  rays  issuing  from 
the  ed^e  and  those  which  issue  from  the 
centre. 


The  rays  AD  and  CD  appear  to  be  no  longer  than  tlie 
ray  BD ;  but  if  all  the  rays  seem  of  Che  same  length,  the 
part  B  will  not  seem  to  be  fmaivr  to  us  than  A  and  C;  and 
thcrefbre  ABC  will  look  like  a  flat  or  straight  iiuu. 

The  raj-s  AD  and  CD  are  240  000  miles  long. 

The  ray  BD  is  238,910  miles  long. 

Q.  Whi/  do  Ihe  SUN  anil  stars  (which  art 
spherfs)  appear  to  be  flat  surfaces  ? 

A.  Because  they  are  such  an  im- 
mense  way  off,  that  wc  can  discern  na 
difference  of  length  between  tlie  rays 
which   issue  from  the  edqa  and  tiiose 


TELESCOPES- 


which  issue  from  the  centre  of  these  bo- 
dies. 


n  equally  distant;  and  ABC  will  seetn  ■ 
flat  or  Btraight  line.    {See  laitji^iue,  p.  356.) 

Q.       Why  does  distance  make  an  object  in- 

A.  Because  no  visible  perpendicular 
can  be  inserted  between  the  lines  which 
form  the  angle ;  or  because  the  lines 
actualiy  cross  before  they  meet  our  eye. 


Here  the  tree  AD  would  not  be  visiMo  to  the  spectator  C, 
even  if  lie  wcru  tu  apjn'oach  oa  far  ns  B  ;  because  no  vi^ 
ble  pcTpendieular  can  be  insurled  betivoen  the  two  llnea 
AC,  DC,  at  the  point  B,  and  after  B  the  lines  woiiht  croas; 
Therefon;,  tlie  tree  would  be  invisible  fVom  C,  till  afler  the 
ipectator  had  passed  B. 

Q.  WJif/  do  TELEScorEs  enable  us  to  see 
objecls  INVISIBLE  to  the  naked  eye? 

A.  Because  they  gather  together 
more  luminous  rays  from  obscure  objects 
than  the  eye  can ;  and  form  a  bright 
image  of  them  in  the  tube  of  the  tele- 
scope where  they  are  magnified. 

A3  many  limes  as  the  dimensions  of  the  ol^ed-glass  ex- 
ceed till!  dimensions  of  the  Tiapil  of  lie  eyi,  so  many  timw 
the  |)enetrating  jiowers  of  the  telescope  will  exceed  thsl 
of  the  nuked  eye. 
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p  (out  at  sea)  i 
I  EH  the  small  n 


pproaehmg 
s  before  we 


Q.  When,  a  s 
the  shore,  tnhy  do  v. 
tee  the  bulky  hull  'i 

A.  Because  the  eadh  is  round  ;  and 
the  curue  of  the  sea  hides  the  hull  from 
our  eyes  after  the  tail  masts  liave  become 
visible. 


a,  only  that  part  of  the  ship  aboYo  the  line  AQ  caa 
n  by  the  epectatoc  A ;  the  rest  of  the  ship  is  hiddon 
by  the  swell  of  the  curve  DE. 

Q.       Whoi  is  meant  by  rttractwn  ? 

A.  Sending  a  ray  of  light,  as  it  passes 
from  one  medium  to  another. 

Q.  How  is  a  ray  of  Uglit  bent,  as  ii  passes 
from  one  faedium  to  another  t 

A.  When  a  ray  of  light  passes  into  a 
denser  medium  it  is  bent  towards  the  per- 
pendicular. When  it  passes  into  a  rarer 
medium  it  is  \)eaifroin  the  perpendicular. 


Suppose  DE  to  be  a  perpendicular  line. 

If  AB  (a  ray  of  light)  enters  thu  water,  it  will  bo  bent 
bmmrds  the  perpendicular  to  C. 

If  (on  the  other  hand)  CB  (a  ray  of  light)  emerges 
from  the  water,  it  would  00  beut  auraij  from  the  perpen- 
oicnlar  towards  A. 

Q.  Why  does  a  SPOON  (in  a  glass  of  watef) 
always  wppcar  bent? 

A.  Because  the  light  (reflected  from 
the  spoon)  is  refracted  as  it  emerges  from 
the  water. 

See  Fig.  2,  p.  358.  The  spoon  ABC  will  appear  bent,  like 
ABD. 

Q.  Why  does  a  river  tdieays  appear  man 
shallow  than  it  really  is  ? 

A.  Because  the  light  of  the  bottom 
of  the  river  Is  refracted,  as  it  emerges 
out  of  the  water. 

jSfee  Pig,  2,  p.  358.  The  bottom  of  tho  river  will  appear 
elevated  like  the  bowl  of  the  spuon  D. 

Q.  Hoio  much  deeper  is  a  river  than  it  seems 
lobe? 

A.  About  one-third.  If,  therefore,  a 
river  seems  only  4  feet  deep,  it  is  really 
6  feet  deep. 

The  eiaot  apparent  depth  would  be  it.  To  find  the 
teal  depth,  multiply  by  4  and  divide  by  3— tins  4lX'!-«-3 
=S,  real  depth. 

N.  B.  Many  boys  got  out  of  their  depth  in  bathing,  in 
consequence  of  this  deception.  Remember,  a  river  ia  al- 
ways one-third  deeper  than  it  appears  to  be:— thus,  if  a 
river  seema  to  be  4  feet  deep,  it  la  in  reality  nearly  G  feet 
deep,  aod  bo  on. 

Q-  Why  do  fishes  seem  to  he  nearer  the  surfaa 
t^a  river  than  they  really  are? 
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A.  Because  the  rays  of  light  from 
the  fish  are  refracted,  as  they  emerg-e  from 
the  eye :  and  (as  a  bent  stick  is  not  so 
far  from  end  to  end,  as  a  straight  one) 
so  the  fishes  appear  nearer  to  our  eye 
than  they  really  are. 

See  Fig.  2,  p.  853. 

Q-       JVhi/  are  some  persons  neah-sighted  ? 

A.  Because  the  cornea  of  their  eye 
is  so  prominent,  that  the  imag:e  of  distant 
objects  is  formed  before  it  reaches  the 
RETINA  ;  and,  therefore,  is  not  distinctly 
seen. 

Q.  What  is  meant  by  the  "  cor'nea  tf  the 
EYE  V' 

A.  All  the  outside  of  the  visible  part 
of  the  eye-ball. 

The  curve  ABC  13  called  the  coa'- 

If  this  curve  be  too  prominent 
(or  convex),  the  eye  is  near-siglitcd. 

If  too  flat  (or  concave),  the  eye  is 
far-sighted. 

Q.  What  is  meant  by  the  "  eet'ina  of  tht 
ErE  9" 

A.  The  net-work,  which  Hnes  the 
back  qftlie  eye,  is  called  the  ret'ina. 

The  net-work  ABC  is  called  the  ret'- 
ina, and  the  projecting  part  UEF  is  called 
the  cor'nea. 
>     N.  B.  Tills  oet-worU  is  composed  oT 
a  aprcadJiis  out  of  the  fihres  of  the 
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Q.  What  sort  of  glasses  do  near-sighted 
persons  wear  ? 

A.  If  the  cornea  be  too  convex  (or 
projecting^),  llie  person  must  wear  double 
concave  glasses,  to  counteract  it. 

Q,      Ti'TttU  is  meant  by   "  double   concavb 
?" 
Glasses  iioUowed-in  on  both  sides. 


Q.  WTtfre  is  the  image  of  objects  form'-d.,  if 
the  cornea  he  loo  convex  ? 

A.  If  the  cornea  be  too  convex,  the 
image  of  a  distant  object  is  formed  in 
the  vitreous  humors  of  the  eye,  and  not 
on  the  ret'ina. 


Q.       What  is  the  use  of  dodble  convex  speo 

A.  To  cast  the  image  further  br.ck_ 
in  order  that  it  may  be  thrown  upon  the 
ret'ina  and  become  visible. 

Q,       Why  are  old  people  par-sighted  ? 

A.  Because  the  humors  of  their  eyes 
are  dried  up  bij  age ;  in  consequence  of 

10 


which,  the  cor'nea  sinks  in,  or  becomes 
flattened. 

Q,  Ti'Sy  does  the  FLATTENmn  of  ike  cor'mbj 
prevejit  persons  seeing  objects  which  are  near  ? 

A.  Because  the  cor'nea  is  too  fat, 
and  the  imag'e  of  near  objects  is  not 
completelij  formed,  when  their  rays  reach 
the  retina;  in  consequence  of  which, 
the  imag;e  is  imperfect  and  confused. 


Tlie  perfect  imago  ia  made  at  DE; 
and  not  on  ABC  (the  rctiua). 


Q.       What  sorl  of  glasses  do  old  people  weakJ 

A.     As  their  cor'nea  is  not  sufficiently 

convex,   they    must    use   double    convex 

glasses,  to   enable  them  to  see  objects 

near  at  hand. 

Q.       What  sort  of  glasses  are  "  double  convex 

SPECTACLE-GLASSES  V 

A.    Glasses  which  curve  outwards  on 
both  sides. 


Q.       What  is  the  use  tf  double  convex  ^ec 
tacU-glassts  ? 

A.     To  shorten  the  focus  of  tJie  eye. 


and  bring:  the  image  of  distant  objects 
upon  the  ret'ina. 

Q.  Whi/  do  NEAR-SIGHTED  pcrsons  bring  objects 
CLOSE  to  the  eye,  in,  order  to  see  them? 

A.  Because  the  distance  between 
the  front  aivl  bade  of  the  eye  is  so  great, 
that  the  image  of  distant  objects  is  form- 
ed in  front  of  the  ret'ina;  bat  when  ob- 
jects are  brought  near  to  tlie  eye,  their 
imaj2:e  is  thrown /zwiAer  badi,  and  made 
to  fall  on  the  ret'ina. 

Q.  Why  do  OLD  people  hold  objects  par  off, 
in  order  to  see  them  better  ? 

A.  Because  the  distance  between 
the  front  and  back  of  their  eyes  is  not 
great  enough :  when,  however,  objects 
are  held  further  off,  it  compensates  for 
this  defect ;  and  a  perfect  image  is  form- 
ed on  the  ret'ina. 

Q.  TVhy  are  hawks  able  to  see  such  an  im- 
MEMSK  way  of? 

A.  Because  they  have  a  muscle  in 
the  eye  which  enables  them  to  fatten 
their  arr'nea,  by  drawing  back  the  crys- 
talline lens,    ^ee  p.  362. 

This  muscle  Is  called  tlie  Marsupium. 

Q.  Why  can  hawks  see  objects  uithin  half-an- 
inch  of  their  eye,  as  leell  as  those  a  long  way  off? 

A.  Because  their  eyes  are  furnished 
with  a  flexible  bony  rim,  which  throws 
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the  cornea  fonoard,  and  makes  the  hawh 
ncar-siglilcd.     See  p.  360. 

Q.  Lite  how  many  parts  way  a  hay  of  light 
he  DIVIDED ; 

A.  Into  three  parts  :  Blue,  Yellow, 
and  Red. 

N,  B.  Tlicse  three  colors.  l>y  combination,  malio  soveiL 
1.— Red.  2.— Orange  (or  red  and  yidloiv).  3.~Ykm.ow. 
4.— Grken  (oi'  yellow  and  blue).  6.— Blue.  6.— Indico 
(a  shade  of  blue) ;  and  7.— Violet  {or  blue  and  rod). 

Q,  How  is  il  known,  that  a  ray  of  light  con- 
sists of  several  different  colors  ? 

A.  Because,  if  a  ray  of  Ught  be  cast 
upon  a  triangular  piece  of  g^Iass  (called  a 
prism),  it  will  be  distinctly  divided  into 
seven  colors:  1. — Red;  2. — Orange; 
3.~Yellow  ;  4.— Green  ;  5.— Blue; 
6, — Indigo;  and  7.— Violet. 

Q.        Why  does  a  PRJS.it  divide  a  ray  of  li^ht 

into  VARIOUS  COLORS? 

A.  Because  all  these  colors  have 
dijffirent  refractive  susceptibilities.  Red 
is  refracted  least,  and  blue  the  most; 
therefLTe,  the  blue  color  of  the  ray  will 
be  bent  to  tlie  top  of  the  prism,  and  the 
red  will  remain  at  the  bottom. 


a  prism  at  B),  wojUd 
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haro  the  blue  pirt  bent  up  to  C ;  the  yellow  part  to  D  ■ 
ftnd  the  rod  part  no  further  than  E. 

Q.       What  ia  ineanl  by  the  aEriucTiON  of  a 

A.     Banding  it  from  its  straig-ht  line. 

Thus  the  ray  AB  of  fhelast  aguco  is  refracted  at  B  into 
three  courses,  C,  D,  nnd  E. 

Q.  What  i$  the  cav.se  of  a  Y.MNHow'i 
A,  When  the  clouds  opposite  llie  sua 
are  very  dark,  and  rain  is  still  falVvng 
from  ibem,  the  rays  of  the  bright  sun 
are  divided  by  the  rain-drops,  as  they 
would  be  by  a  prism. 


Let  A,  B,  and  C,  be  three  drops  of  rain ;  3A,  SB.  and- 
SO,  threerayaoflhosim.  SA  i^  divided  hito  three  col- 
ors i  tlio  !j1  lie  and  yellow  are  bent  abace  thu  eyo  D,  and  the 

The  ray  SB  is  drvided  into  the  three  colors;  the  blue  is 
beat  aboiJ!  the  eye,  and  the  red  fiiUs  behin  Vats  eye  D ;  but 
the  veilom  enlers  it. 

The  ray  SO  is  also  divided  into  the  three  colors.  Tiio 
blue  (which  is  bunt  most)  ecters  thu  cyu ;  zajsj.  iLc  "^ihci 


two  fall  lioloiv  it.  Thus  tho  eje  Gees  the  blue  of  C,  and 
or  all  drops  in  the  posidon  of  C;  the  yellow  of  B,  and  of 
all  drops  in  the  positiou  of  B  ;  and  the  rod  of  A,  and  of 
all  drops  in  tiie  position  of  A;  and  thus  it  sees  a  rainbow. 
Q.  Does  EVERY  person  see  the  same  colors  front 
the  SAME  DRors? 

A.  No  ;  no  two  persons  see  the  same 
rainboxo. 

To  another  spectator,  the  rays  from  SB  might  be  red 
instead  of  yellow;  tho  ray  from  SC  yellow;  and  the  bhie 
might  bo  reflected  from  some  drop  below  C.  To  a  Utird 
person,  the  red  may  issue  from  a  drop  abovo  A,  and  then 
A  would  reflect  the  yelloiv,  and  B  the  blue,  and  so  on. 

Q.  "iVhy  are  there  often  two  raikbows  at  one 
ami  tlie  same  lime  ? 

A.  In  one  rainbow  we  see  the  rays 
of  tlie  sun  entering  the  rain-drops  at  the 
top,  and  reflected  to  the  eye  from  the 
bottom. 

In  the  other  rainbow,  we  see  the  rays 
of  the  sun  entering  the  rain-drops  at  the 
bottom,  and  reflected  to  the  top,  whence 
they  reach  the  eye. 
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1,  and  roaclies  the  evn  of 


Here  the  mj  of  SB  (or  the  secondary  rainbow)  strikes 
the  drop  at  ii— is  reflected  to  A— is  tLon  ruflecttd  to  C 
— ia  a^in  reflpctpd  to  D,  wlitn  it  is  again  rufrDi^tod  01 
bent,  nil  it  ruachos  the  eye  of  the  aptctator. 

Q.       Wki/  are  Ihe  colors  of  the  second  bow  all 

EEVEKSED  ? 

A.  Because  in  one  bow  we  see  the 
rays,  which  enter  at  the  top  of  the  rain- 
drops, refracted  from  the  bottom : 

But  in  the  other  bow  we  see  the  rays 
which  enter  ot  the  bottom  of  the  rain- 
drops (after  two  reflections),  rcfracled 
from  the  top. 

Scejiipire  on  next  pii;:i. 

Hero  ABC  rc]ii^>scrit  tliroo  drops  of  rain  in  the  secon- 
dary (or  upper)  rainbow. 

The  icasl  iffmelcd  lino  is  rei>,  and  blbr  t?ie  vwsl. 

So  tlio  HKn  (or  Icasl  refracted  rap)  of  all  llie  dmp"  ta 
the  posilion  of  A— the  yklnow  of  those  in  the  position 
of  B— and  tlio  ei.ue  (or  llie  most  rcfracled  rays)  of  tlie 
lowest  drops,  all  meet  tlio  cje  D,  and  form  n  raiulHiw  to 
the  spectator. 


colors  ia  this— be 


hy  (he  primary  bow  exhibits  (be  stmnecl 
olors  are  seen  after  irw  retlec- 


on  and  I  no  refract  ona  b  t  the  colors  of  the  secondarj 
(or  upper)  ra  nbo  t   undergo  itca  reflections  and  Iwo  re- 

{Sx  figure  on  p.  805.)  Here  also  the  least  refracted  ray 
isBED,nn(lthe™o,«refr!ict«dB[.[iE(iL3  in  the  former  case) ; 
but  the  position  of  each  is  reversed. 

Q.       Wkif  dues  a  soap  bubble  «xHhU  suck  a 

VARIETY  of  COLORS  i 

A.  Because  the  thickness  of  tJie  Jilm 
through  which  the  rays  pass,  is  con- 
stantly varying:. 

Q,  Ifov}  does  the  thickness  of  the  film  ajiet 
the  COLOR  of  Ihe  soap  buhbh  ? 

A.  Because  different  decrees  of  thick- 
ness in  the  fihn  produce  different  ywtrers 
of  refraction;  and,  therefore,  as  the  thick- 
ness of  the  fihn  varies,  different  colors 
reach  the  eye. 

Q.  Wki/  is  a  SOAP  BUBBLE  sa  constanll]) 
CHANOIKO  Usi 
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A.  Because  the  water  rims  down 
fivm  the  top  to  itie  bottom  of  the  bubble, 
till  the  crown  becomes  so  thin  as  to 
burst. 

Q.       TfViy  are  Ihe  late  evening  clouds  red? 

A.  Beciiuse  reu  rays,  being  tlie  lea^ 
refrangible,  are  the  last  to  disappear. 


Suppose  PA  to  be  a  red  ray,  PB  yellow,  Hnd  TC  liJue— 
ifthe  earth  tiuna  ill  the  direction  ofCBD;  it  is  ijiiito  man- 
ifest that  a  E[)wliitor  standing  ate  or  B  (oin'iisl  round 
in  the  Kame  direction),  would  lose  sight  of  the  red  rays 
(A)  last  of  all. 

Q,       11%  are  Ike  early  MoiiNmo  clouds  red  t 
A.     Because  red  rays  being  tlie  least 
refrangible  ave  thejtrst  to  appear. 

See  last  fii^ire. — We  must  suppose  the  sun  to  be  on  tho 
leftside  offlio  diagram— or  (what  will  answer  the  same 
purpose)  EU[>poKU  tlie  earth  to  be  turning  in  tlio  direction 
of  DAP,  then  it  is  quite  clear,  that  every  jiorson  oi 


rays  will  he  rod. ) 

Q.       Why  are  Ihe  edges  o/" clouds  w 
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A.     Because  the  My  of  vapor  is  thin- 
<.est  at  the  edges  of  the  clouds. 

Q,       What  is  Ihe  cause  of  morning  and  evening 


A.  When  the  sun  is  below  the  hori- 
zon, the  rays  which  strike  upon  tho 
atmosphere  or  clouds  are  bait  down 
towards  the  earth,  and  produce  a  little 
lig-ht  called  twilight. 

Scefigu-reoap.  3G9.— Here  the  rays  of  PA  will  give  Siime 
llgU. 

Q.       Why  is  a  ray  of  light  composed  of  ViRi- 

OUS  COLOUS? 

A.  To  vary  the  color  of  different 
objects.  If  solar  light  were  of  one  color 
only,  all  objects  would  appear  of  that  one 
color,  or  else  black. 

Q.  Some  things  are  of  oke  color,  and  some 
0/ ANOTHER.     Explain  (he  cav,se  of  this. 

A.  As  every  ray  of  light  is  composed 
of  all  the  colors  of  the  rainbow;  some 
things  reflect  one  of  these  colors  and  some 
another. 

Q.      Wiiy  do  some  things  reflect  ode  color,  and 

A.  Because  the  surface  of  things  is 
so  differently  constructed,  both  physically 
and  chemically. 

Q.       Why  is  a  rose  red  1 

A.     Because  the  surface  of  a  rose  06- 


iorhs  the  blue  and  yellow  rays  of  light, 
and  reflects  only  the  red. 

A.  Because  the  surface  of  the  violet 
absorbs  tlie  ?-ed  and  yellow  rays  of  the  sun, 
and  reflects  the  blue  only, 

A,  Because  the  surface  of  the  prim- 
rose absorbs  the  blue  and  red  rays  of  solar 
light,  and  rejlects  the  yellow. 

The  chief  reason  why  some  rays  are  aisorted  and  othetf 
rcJUded  is,  because  the  corpiiKtes  ivliich  compose  tlio  col- 
ored Eubataiice  vary  in ma^ kudu: — thus,  for  example,  If 
the  dianiett'r  of  a  corpuscie  of  equal  density  with  air  b« 
21  millionth  of  an  inch,  it  will  reflect  purple;  if,  on  the 
other  hanii,  it  be  29  millionth  of  an  inch,  it  will  reflect 
red,  and  so  on. 

Q.       W%y  are  some  things  blacs? 

A.  Because  they  absorb  all  the  rays 
of  light  and  reflect  none. 

Q.        Wkj/  are  some  things  WHitb  ? 

A.     Because  they  absorb  none  of  the 
rays  of  light,  but  reflect  them  all. 
Q.       Why  are  coals  black  ? 

A.    Because  they  absorb  all  the  rays 
of  the  sun  which  impinge  upon  them. 
Q.       Why  are  rnoTii,  and  spkay,  and  many 

CLOUDS,  WHITE  1 

A.  Because  they  consist  of  an  infinite 
number  of  small  bubbles  or  vesicles, 
which  act  like  prisms  in  dividing  the 
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rays  of  light;  which,  by  unking  again 
before  they  meet  the  eye,  give  the  ap- 
pearance of  white. 

Q.       Why  are  snow,  sugar,  and  salt  whiteI 

A.    (See  page  312.) 

N.  B.  The  combination  otaU  colors  makes  whlte. 

Q.       Why  are  the  leaves  of  plants  green? 

A.  Because  a  peculiar  chemical  prin- 
ciple, called  chlo'rophyll,  is  formed  within 
their  cells;  which  has  the  property  of 
absorbing  the  red  rays  and  of  reflecting 
the  blue-  and  yellow ;  which  mixture 
produces  green. 

Clilorophjli  {x^of"  ^fWav,  a  groen  leaf)  is  tho  green 
matter  of  vugotalile  Gubstances.    Prmumitce  klo-ii>fill. 
Q.       Why  are  leaves  a  light  green  in  sprino? 

A.  Because  the  chlo'rophyll  Is  not 
fully  formed. 

Q.       TF7iy  do  leaves  turn  brown  in  aotumn? 

A.  Because  the  clilo'ropUyll  under- 
goes dscai/,  and  is  not  replaced  as  it  is 
in  spring. 

Q.  Why  are  plants  a  pale  yellow,  when 
Ictpt  in  t!ie  Dark? 

A.  Because  chlo'rophyll  can  be  form- 
ed only  by  the  agency  of  the  suii^s  rays. 

Q,       Why  are  potatoes  yellow  1 

A.  Because  they  are  grown  under' 
ground;  and,  therefore,  can  form  no 
chlorophyll  in  their  tubers. 

,G<,oglc 
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Q.  W%p  are  potatoes  which  grow  exposed  to 
the  air  and  light  green  ? 

A.  Because  chlo'rophyl!  is  formed  in 
them  under  the  influence  of  the  sun's 
light. 

Q.       Whjj  are  some  things  transpahent  ? 

A.  Because  every  part  between  the 
two  surfaces  has  a  uniform  refracting 
power,  or  (in  other  words)  has  in  every 
place  the  same  density. 

And,  therefore,  the  raya  of  ligbt  emerge  on  the  opposite 


Q.        MHiy  are  some  things  i 

A.  Because  the  particles  which  com- 
pose them  are  sf  parated  by  minute  pores 
or  spaces,  which  have  a  different  density 
from  the  particles  themselves. 


Q.  Why  are  dry  paper  and  calico  [which  art 
opaque)  made  ItanspareM  by  being  oiled? 

A.    Because  the  pores  are  filled  by 

the  oil,  which  has  nearly  the  same  den- 
sity as  the  substance  of  the  paper  itself 
— by  which  means  a  uniform  density  is 
effected,  and  the  substance  becomes 
transparent. 

Q.  JVhy  is  GLASS  (which  is  transparent)  ten- 
dered  opaque  by  being  ground  or  pulverised  ? 

A.     Because    the    whole    substance 
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from  surface  to  surface  is  no  longer  of 
one  uniform  density. 

Q.       Why  are  some  things  suiNiNOj  and  olhen 

DULL? 

A.  Because  some  things  rejlcct  rays, 
and  are  bright;  but  others  ahs-jrb  them. 

Q.       WTi.y  do  DESERTS  DAzzLE/rom  sunshim? 

A.  Because  each  grain  of  sand  reflects 
the  raj/s  oftlie  sun  like  a  mirror, 

Q.  If  ijou  move  a  stick  {hwrtU  at  otie  end) 
pTe-Uy  briskly  ailound,  it  seems  to  make  a  circlb 
OF  FIRE — WdV  isikis? 

A.  Becauiie  the  eye  retains  t!ie  image 
of  any  bright  object,  after  tlw  object  itself 
is  withdrawn ;  and  as  the  spark  of  the 
stick  returns  before  the  image  has  faded 
from  the  eye,  it  seems  to  form  a  complete 
circle. 

Q.  ^  separate  figures  {as  a  man  and  a  horse) 
be  drawn  on  separate  sides  of  a  card,  and  the  card 
TWISTED  quickly,  the  maji  will  seem  to  be  seated  tm 
the  horse — Why  is  this? 

A.  Because  the  imao-e  of  the  horse 
remains  upon  ilie  eye  till  the  maJi  ap- 
pears. 

The  Thaumatrope  is  constru'.-tixl  on  this  prindple. 

Q.       SVhy  do  the  8TAKS  rwiNKLB? 

A.  Because  the  inequalities  and  un- 
dulations in  the  atmosphere  produce  uii- 
equal  refractions   of  light;    and   these 
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unequal  refractions  cause  the  tioinkling 
or  irregular  brilliancy  of  the  stars. 

Q.  If  ve  look  at  a  red-hot  rir.E  for  a  fern 
mimiles.  why  does  every  thing  seem  tinged  wj/A  a 
BHiisH  Gn.KEN  color  ? 

A.  Because  bluish  green  is  the 
"accidental  color  "  of  red  ;  and  if  we 
fix  our  eye  upon  any  color  lohatsoever, 
we  see  every  object  tinged  .with  its  acci- 
dental cohr  when  we  turn  aside, 

Tlie  ao-Mknial  cnlor  i&  the  color  wliiGh  would  be  required 
to  be  added,  in  order  to  make  up  vikile  light.    S.c  p,  3G0. 

Q.  Why  does  the  eye  perceive  the  accidental 
COLOR  lohen  the  fundamental  one  is  removed? 

A.  Because  the  nerve  of  the  eye  has 
become  tired  of  the  one,  but  still  remains 
fresh  for  the  perception  of  the  other. 

Q,  If  we  wear  bi.ue  olasses,  why  does  ecery 
Ihiyig  appear  Ihiged  wUh  orange  when  uie  take  them 
off? 

A.  Because  orange,  is  the  "  accidental 
cobr"  of  blue;  and  if  we  look  through 
blue  glasses,  we  shall  see  its  "  accidental 
color"  when  we  lay  our  glasses  aside. 

Q.  ^  vie  look  at  the  sVN  for  a  few  moments, 
every  thing  seems  tinged  with  a  tiolet  color — Whi 
islMs? 

A,  Because  violet  is  the  "  accidental 
color"  of  yellow;  and  as  the  sun  is  yel' 
tmD,  we  shall  see  its  "  accidental  color  " 
viokt  when  we  turn  from  gazing  at  it. 
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Q.  Does  not  the  dark  snflDow  [which  seejiu  it 
hang  nccT  every  Ihing  after  we  turn  from  looking  at 
the  sail)  a,risnfrom  ow  eyes  being  dazzled  ? 

A.  Partly  so  :  the  pupil  of  the  eye  is 
i>erii  iiiuch  contracted  by  the  brilhant  lig^ht 
of  llie  sun,  and  does  not  adjust  itself  im- 
mediately to  the  feebler  light  of  terres- 
trial  objects ;  but,  independent  of  this, 
the  "accidental  color"  of  the  sun  be- 
ini'  dark  violet,  would  tend  to  throw  a 
shadow  upon  all  thing's.     (Sse  j).  340,} 

Q,  Whi/  is  i!i,ACK  glass  for  speclades  Ihe  best 
for  wear  in  this  respect  ? 

A.  Because  ir/t?/e  is  the  accidental 
col.jr  of  black ;  and  if  we  wear  black 
glasses,  every  thing  will  appear  in  white 
light  when  we  taiie  them  off. 

Q,  IFAy  does  every  thing  seem  shadowed  wilk 
a  BF-ACK  siiST  when  we  take  off  our  common  specta- 

A.  Because  the  g"lasses  are  white ; 
and  black  being'  its  "  accidental  color," 
every  tliin?^  appears  in  a  black  shade  when 
we  lay  our  glasses  down. 

Tlio  accidontal  color  of  red        ia  bluish  green. 

"  "  "     of  orange  "  Ijlvio. 

"  "  "     ofviolut    "  yellow. 

"  "  "     ofblock     "  ivliite. 

And  the  conyersc  of  this  is  triio  : — 

Theacadental  color  of  bluish  grecu  is  red. 

"  "  "     of  blue  "  orongs, 

"  "  "     of  yellow  ■'  vio!i>t. 

"  "  ■'     of  whiW  "  black. 

..oogic 
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(The  laiv  or  an  accidonlal  cok  r  is  this—Tlic  acr:idi!nfal 
color  is  alwap  lialf  tlic  si)ectrum.  Tlllis,  If  wo  loku  Imlf 
the  Itngth  of  the  spectrura  by  a  puir  of  compaasys,  and 
fix  one  leg  in  any  color,  the  other  log  will  hit  upou  iis  ac- 
cidental color.) 

N,  B.  The  spcctnim  meana  the  seven  coloi's  (red,  or- 
ange, yellow,  gicen,  bhio,  indigo,  and  violtlj.diviik-il  into 
'evenqii^lmniU,  and  placed  side  by  side  in  the  oidur  Just 
mentioned. 


CHAPTER  XXX. 

Q.      ITniB  is  SOUND  produced  ? 

A.  Tlie  vibration  of  some  sonofous 
substance  produces  motion  in  the  air, 
called  SOUND-WAVES,  wiiich  strike  upon 
the  drum  of  the  car  and  give  the  sensa- 
tion of  sound. 

Q.       Wkat  are  musical  sounds  ? 

A.  Regular  and  uniform  successions 
of  vibrations. 

Q.         JIOW  FAST  dtieS  SOrND  TRAVEL  ? 

A.  About  13  miles  in  a  minute,  or 
1142  feet  in  a  second  of  lime. 

Light H'ouli!go480times  round  the  whole  earth,  while 
sound  is  going  its  13  miles. 

Q.       Why  are  some  things  sonoeous  and  olkert 

NOT? 

A.  The  sonorous  quality  of  any  sub- 
stance  depends  upon  its  hardness  and 
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Q.  Wh}/  are  copper  aiia  iron  so-noroos  <ind 
Mi  lead! 

A.  Copper  and  iron  are  hard  and 
clastic;  but  as  lead  is  neither  hard  nor 
yet  elastic,  it  is  not  sonorous. 

Q.       Of  what  is  BELL-METAL  made  ? 

A.  Of  copper  and  tin  in  tlie  following 
proportions  :— In  every  5  pounds  of  bell- 
metal  there  should  be  1  pound  of  tin, 
and  4  pounds  of  copper. 

Q.        W'hi/  is  this  miwture  of  tin  and  copper  used 

A.  Because  it  is  much  harder  and 
more  elastic  than  any  of  the  pure  metals. 

Q.  Why  is  the  sound  of  a  bell  btopped  bp 
TOUCKJNO  the  bcU  with  cur  finger  ?■ 

A.  Because  the  weight  of  our  finger 
stops  the  vibrations  of  the  bell;  and  as 
soon  as  the  bell  ceosss  to  vibrate,  it  ceases 
to  make  sound-waves  in  the  air. 

Q.       Why  does  a  split  bell  make  a  hoarse,  dis- 


A.  Because  the  uplit  of  the  bell 
causes  a  double  vibration :  And  as  the 
sound-waves  clash  and  jar,  they  impede 
each  other's  motion,  and  produce  dis- 
cordant sounds. 

Q.  Wl.y  does  a  fiddle-string  givt  a  musicai 
Kund  ? 

A.  Because  the  bow  drawn  across 
the  striii!^  causes  ii  t'j  vibrate;  and  this 
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vibration  of  the  string  scls  in  mot'um  the 
60und-wavss  of  the  air,  and  produces 
musical  notes. 

Q.       Why  does  a  drdh  sound  ? 

A.  Because  the  parchment  head  of 
the  drum  vibrates  from  the  blow  of  the 
drum-stick,  and  sets  in  motion  the  sound- 
waves of  the  air. 

Q.       IVky  da  MUSICAL  GLASSES  giv&  sounds  ? 

A,  Because  the  glasses  vibrate  as 
soon  as  they  ore  struck,  and  set  in  motion 
the  sound-waves  of  the  air, 

Q.  Why  do  FLUTES,  ^c,  produce  musical 
touwls? 

A.  Because  the  breath  of  the  per- 
former causes  the  air  in  tlie  Jliite  to  vi- 
brate; and  this  vibration  sets  in  motion 
the  sound-waves  of  the  air. 

Q,  Why  do  piano-foutes  froduce  musical 
touTids? 

A.  Because  each  key  of  ilie  piano 
(beings  struck  with  the  finger)  lifts  up  a 
little  hammer  which  knocks  against  a 
string;  and  the  vibration  thus  produced 
sets  in  motion  the  sound-waves  of  the  air 

Q.       If^y  i 


Because  slow  vibrations  produce 
•  deep  sounds  ;  but  (/uic/c  vibrations 
:e  shrill  or  treble  ones. 


A. 
bass  (,,  ..i-i.^.  „„^^,. 
produce  shrill  or 


Q,  W/ty  is  an  indrument  plat  ichen  iht 
STRINGS  are  unstp.unq? 

A.  Because  the  vibrations  are  too 
slow ;  in  consequence  of  which,  the 
sounds  produced  are  not  shrill  or  sitarp 
enough. 

Q,  IVkj/ can  persons,  living  a  mile  or  iwofrcm 
a  town,  HEAR  t/ie  bells  of  the  town  thueches  sojie- 
TiMi  s  and  7iot  al  others? 

A,  Because  fog^s,  rain,  and  snow, 
obstruct  the  passage  of  sound  ;  but  when 
the  air  is  cold  and  clear,  sound  is  propa- 
gated more  easily. 

Q.  Whv  can  -we  not  hear  sounds  {as  those  of 
dis'.anl  chvrch  bells)  in  rainy  wealhtr  so  well  as  in 
FINE  joealher? 

A.  Because  the  falling'  rain  interferes 
with  the  uiidulalions  of  the  sound-icaves, 
and  breaks  them  up. 

Q.  W7iy  can  ibc  not  hear  sounds  {as  those  of 
distaiil  church  bells)  in  hnoh  y  weallu-r  so  well  as  tn 
FINE  wecUher  ? 

A.  Because  the  fallni^  snow  irUer- 
feres  iciih  the  undalations  of  the  sound- 
teams,  and  stops  then'  progress. 

Q,  Wkij  can  we  hear  distant  clocks  most  dis- 
linclli/ in  ci,E.Kr.  cold  loealher  ? 

A.  Because  the  air  is  of  more  uniform 
density,  and  there  are  fewer  curreiUs  of 
air  of  unequal  temperature  to  interrupt 

the  sound-waves. 
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BcsMes,  (Jensc  n.\r  can  propagate  Bonn il- waves  mora 
readily  tlian  r.irur  air. 

Q,  Why  can  persons  [near  Ike  po:.es)  hear  the 
PoicES  of  men  in  conoersaiion,  for  a,  milr  dislaiU  in 
wiinler-lime  ? 

A.  Because  the  air  is  very  cold,  dear, 
and  still;  ut  consequence  of  wliich,  there 
are  but  few  currents  of  air  of  unequal 
temperature  to  interrupt  the  sound- 
waves. 


Q.  Why  are  not  sounds  {such  as  those  of  dis- 
tant church  bills)  lieard  so  distinctly  on  a  hot  day 
as  in  FnoRTV  weather? 

A.  1st — Because  the  density  of  the 
air  is  less  iimfurm  in  very  hot  weather  : 

2dly — It  is  more  rarefied;  and,  conse- 
quently, a  worse  conductor  of  sound :  and 

3dly — It  is  more  hable  to  accidental 
carrenis,  which  impede  the  prog^ress  of 
sound. 

Q,  Why  can  we  not  hear  sounds  (smh  as 
those  of  distant  clock:;)  so  distinctly  in  a  thick  mist 

A.  Because  the  air  is  not  of  uniform 
density  wlieii  it  is  laden  with  mist ;  in 
consequence  of  which,  the  sound-waves 
are  obstructed  in  their  progress. 

Q.  Why  do  we  hear  sounds  better  hy  NioHt 
than  by  da^? 

A.     1st — Because  night  air  is  of  mora 


uniform  deiis'Uy  and  less  liable;  to  acd' 
dental  currents :  and 

2dly — Niifht  is  more  still  from  the 
suspension  of  business  and  hum  of  men. 

Q.  Why  is  the  air  of  more  uhifoem  densitX 
by  NIGHT  ikaii  it  is  by  day  ? 

A.  Because  it  is  less  liable  to  acci- 
dental currents  ;  inasmuch  as  the  breez- 
es (created  by  the  action  of  the  sun's 
rays)  generally  cease  during  the  night. 

Q.  How  should  partition  walls  be  made,  to 
TREViiNT  ike  coices  in  adjoiniTig  rooms  from  being 

HEARD  7 

A.  The  space  between  the  laths 
should  be  filled  with  shavings  or  saio- 
dast;  and  then  no  sound  would  ever 
pass  from  one  room  to  another, 

Q.  Why  woulil  sliavjkos,  or  saw-dust,  pre- 
vent Ihe  I  rans  mission  of  sound  from  room  to  room  f 

A.  Because  there  would  be  several 
different  media  for  the  sound  to  pass 
through:  Ut — the  air;  2dly — ^thc  laths 
and  pLiper;  3dly — the  saw-dust  or  sha- 
vings; 4tiily— lath  and  paper  again; 
5th!y — the  air  again  ;  And  every  change 
of  medium  diminishes  the  strengtii  o/the 
sound-icaves. 

Q.       Why  can  deaf  people  hear  through  an 

EAU-TRUMPCT  1 

A,     Because  the  ear-trumpet  reslrama 
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the  spread  of  the  voice  and  limits  the  dia- 
meter of  lite  smtnd-icaves :  in  consequence 
of  which,  their  strength  is  increased. 

Q,       WUy  are  miuntains  kofseless  and  quiet! 

A.  Because  the  air  of  mountains  is 
vert/  rarefied;  and,  as  tlie  air  becomes 
rarefied,  sound  becomes  less  hitense. 

Q.  How  do  j/ou  kiiov)  that  thi  kauity  of  air 
DiMiHiSHES  Ike  intensity  of  Sovht)  1 

A.  If  a  bell  be  rung"  in  the  receiver 
of  an  air-pump,  the  sound  becomes 
fainter  and  fainter  as  the  air  is  exhaust- 
ed ;  till  at  last  it  is  almost  inaudible. 

Q.       Wkal  is  the  cause  of  echo  1 

A.  Wlienever  a  sound-wave  strikes 
against  any  obstacle  (such  as  a  wall  or 
hill),  ii  is  refected  (or  thrown  back) ;  and 
this  refected  sound  is  called  an  echo. 

The  same  laws  govern  echo  as  light.    {See  p.  338.) 
Q.       What  places  are  most  famous  for  echo  ? 
A.     Caverns,  g'rottoes,  and  ruined  ab- 
beys ;  the  areas  of  halls;  the  windings 
of  long-  passag-es  ;  the  aisles  of  cathedral 
churches;  mountains  and  icebergs. 

Q,       Why  are  caverns,  grottoes,  and  ruins,  pa 

A.  1st — Because  the  sound-waves 
cannot  pass  beyond  the  cavern  or  grotto, 
and,  therefore,  mus^^oiP  6ac^:  and 

2dly — The  return-waves  (beiDs;  entan- 


gled  by  the  cavern)  are  detained  for  a 
short  time,  and  come  ddlberuleiij  to  the 


Q.  Why  are  halls,  winding  passages,  and  ea- 
theclral  aisles,  tahous  for  EcuoEri? 

A.  Biacause  the  sound-waves  cannot 
jlow  freely  forward;  bnt  perpRlually 
strike  against  tlie  winding  walls,  and 
are  beaten  back. 

Q.       Why  are  MorNTAiNS  and  icebergs  pamohs 

for  T-CH0T,^1 

A.  Because  they  present  a  barrier  to 
the  sound-waves,  toliich  t!i.ey  cannot  pass, 
and  are  sufficieatly  elastic  to  throw  litem 
hade. 

Q.  Why  Jo  nol  the  v/\\.i.%  of  a  noon  or  church 
produce  ECHO  ? 

A.  Because  sound  travels  with  such 
velocity  that  the  echo  is  bLndcd  with  the 
original  sound;  and  the  two  produce 
but  one  impression  on  the  ear. 

Sound  travels  13  miles  in  a  minute;  nnil  no  echo  is 
Leard,  iiiilesa  the  Burface  (against  wliicli  lliu  sound  strikoa) 
is  65  feU  from  tho  place  whence  the  aouud  originally  pro- 
ceeded. 

Q.  TPfty  do  very  lauge  buildings  {as  caihe^ 
drals)  cflen  kevekberatb  Ihevoice  of  Ike  sveakerf 

A.  '  Because  the  wails  are  so  far  off 
from  the  speaker  that  the  echo  does  not 
set  hack  in  time  to  blend  with  the  origi- 


iial  sound  ;  and,  therefore,  each  is  heard 
separately. 

Q.  Why  do  some  echoes  repeat  only  one  syU&- 
bk? 

A,  Because  the  echoing'  body  is  very 
near.  The  fufther  the  echoing  body  is 
off,  the  ^nore  sound  it  will  reflect:  If, 
therefore,  it  be  very  near,  it  will  repeat 
but  one  syllable. 

Q.  Why  does  an  echo  sometimes  repeat  two 
w  more  syllables  ? 

A.  Because  the  echoing  body  is  far 
off;  and,  therefore,  there  is  time  for  one 
reflection  to  pass  away  before  another 
reaches  the  ear. 

N.  B.  All  the  syllables  must  be  tiUcred,  before  the  echo 
of  the  first  syllable  reaches  the  ear — If,  therefure,  a  per- 
son repeats  7  syllahlea  in  2  seconds  of  time,  and  hears 
them  aU  echoed,  the  reflecting  object  is  1142  feet  distant; 
(because  sound  travels  1142  feet  in  a  second,  and  the 
words  take  one  second  to  goto  the  reflecting  object,  and 
one  second  to  retiim.) 

Q.  Why  are  two  or  more  echoes  somedmes 
hea/rdJ 

A.  Because  separate  reverbei-atinnr 
surfaces  receive  the  sound  and  reflect 
it  in  succession. 

17  miles  above  Glasgow  (Scotland)  near  a  mansion  called 
Rosneath,  is  a  very  remarkable  echo.  If  a  tmmpetc^r 
plays  ft  tune  and  stops,  the  echo  will  begin  the  same  tune 
and  repeat  it  all  accarat^ly; — as  soon  as  this  echo  has 
ceased,  muAMr  will  echo  the  same  tane  in  a  lower  tone: 
and  after  the  second  echo  has  ceased,  a  ihiri  will  saccoec 
with  equal  ildelity,  though  in  a  much  feebler  tone. 
17 
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At  the  Lako  of  Kilknrrey  in  Ireland,  there  is  nn  echo 
n-hieh  ylaj-s  an  excellent  "  sctmii "  to  any  simple  tune 
played  on  a  bugle. 

Q,  Why  dii  WINDOWS  rattle  when  carts 
^ass  by  a  hmise  ? 

A.  1st — Because  g'lass  is  sonorouf! ; 
and  the  air  communicates  its  vibrations 
to  the  g-lass,  which  echoes  the  same 
sound  :  and 

2dly-The  window-frame  being;  slut- 
ken,  contributes  to  the  noise. 

Window  fi'amos  are  shaken,  1. — By  sound-waves  im- 
pinging against  them;  2, — Bi^  a  ribralory  n>otioncon>- 
municaitcil  to  them  by  the  irolla  of  the  house. 
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PAET   III. 
MISCELLANEOUS. 


J,*,  This  part  is  little  else  than  a  collection  of  varioM 
questions  propounded  by  diflbronl  correspondents,  pupils, 
Bnd  pi'ivite  friends,  set  down,  vfithoul  regard  to  annnge- 
Mcnt,in  the  order  in  which  they  wore  proposed;  together 
with  a  taw  leading  qnoBtions  to  break  up  some  which 
would  have  booa  otherwise  too  intricate,  and  others  which 
natnrally  arose  out  of  the  subject  under  consideration. 

Q.  WTiy  do  the  hubultis  in  a  cop  o/"  tea  range 
rouTid  the  SIDES  of  the  cur ! 

A.     Because  the  cup  atlracts  them. 

Q.  Why  do  all  llie  little  cuddles  tend  to- 
wards the  LARGE  ones  ? 

A.  Because  llie  large  bubbles  (being- 
the  superior  masses)  attract  tliam. 

Q.       Why  do  the  dubbles  of  a   cup  op  tea 

FOLLOW  a  TEA-SPOOM  ? 

A.  Because  the  tea-spoon  attracts 
them. 

Q.  ^V^ty  are  the  sides  of  a  pond  covered  with 
LEAVES,  tehile    the  middle  of  the   pond    is    quite 
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A.  Because  the  shore  attracts  the 
leaves  to  itself. 

Q.  TT'Ay  do  all  fruits,  ^c,  {when  severed  Jron 
(he  tree.]  ^-all  lo  tlie  earth  ! 

A.     Because  the  earth  attracts  them. 


theVLKKTS! 

A.  Because  the  water  in  the  saucer 
is  <h-awn  up  by  the  mould  (through  the 
hole  at  the  bottom  of  the  flower-pot) 
and  is  tiaiisferred  lo  the  stem  and  leaves 
of  the  pUnit  by  capillary  attraction. 
{^Sce  p.  75.) 

Q.  IVhj/  is  vegetation  on  the  maB'jin  of  a  n.iv 
Eit  mare  lusuuiant  than  in  in  open  field  ? 

A.  Because  the  porous  earth  on  the 
bank  druHis  up  water  to  the  roots  of  the 
plants  by  capillafiv  attraction. 

Q,  Wliy  is  a  nrjirro/"suoAit  (Icji  at  the  bolion 
of  a  cup)  so  LONG  in  heltino  ? 

A.  Because  (as  it  melts)  it  makes  the 
lea  above  it  heavier ;  and  (so  long-  as  it 
remains  at  the  bottom)  \i  surrounded  by 
tea  fully  saturated  wiih  sugar;  in  con- 
sequence of  which,  the  same  portions  of 
liqtiiLl  will  hold  no  nmre  sugar  in  solution. 

Q.       Why  does  ike  lump  of  sugar  melt  mon 

IJUICKLV  Whejl  STiRUKD  ABOUT? 

A.     Because  frcsli  portions  of  un.^a!,u^ 


rated  lea  come  in  uotiluct  with  the  himp, 
and  soon  dissolve  it. 

Q.  Whj/  does  a  piece  of  sugau  {held  in  <x 
tpooH  at  the  top  of  our  tea)  m,eU  very  kapidi.y? 

A,  Because,  as  the  tea  becomes 
sioeeletied,  it  descends  to  the  bottom  of  the 
cup  by  its  own  gravity  ;  and  fresh  por- 
tions of  unsweetened  tea  are  broug'ht 
constantly  into  contact  with  the  sug^ar 
till  the  lump  is  entirely  dissolved. 

Q.  How  can  a  sick  room  be  kept  free  from 
unhealthy  effluvia? 

A.  By  spi'inkling  it  with  vinegar 
boiled  with  myirh  or  camphor. 

Q.  W7i)/  does  lime  destroy  the  offensive  smcUt 
ofmtis,  sEWEus,  i^c,  .' 

A.  Because  it  decomposes  the  offen- 
sive gases  upon  which  the  smell  depends, 
and  destroys  them. 

Q.       Why  does  chloride  of  lihe  fumigate  a 

A.  Because  the  chlorine  absorbs  the 
hydrogen  of  the  stale  air ;  and  by  this 
means  removes  both  the  ojfensivc  smell 
and  the  ivfcdion  of  a  sick  room. 

Q.      Ilim  can  the  taint  ofvi^At  be  removed? 

A.  Either  by  washinirwilh  pvnoLiG- 
NEous  ACID — or  by  covering  it  for  a  few 
hours  with  common  charcoal — or  by 


•sic 
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putting;  a  fexc  lumps  of  charcoal  into  the 
water  in  wtdch  it  is  boiled. 

Q.       Why  do  these  things  destroy  the  ■^aint  oJ 

A.  Because  they  combine  with  the 
putrescent  particles,  and  neutralize  their 
offensive  taste  and  smell. 

Q.  M'Tiy   should    BED-ROOIIS,    COTTaOES,    HOS- 

PITALS, ami   STABLES,  bs  washed  ocanioaally  with 

LIME    WHITE  1 

A.  Because  the  lime  is  very  caustic, 
and  removes  all  org-anic  matters  adher- 
ing" to  the  walls, 

Q.       Why  will  strong  Souchoko  tea  poison 

FLIES? 

A.  Because  it  contains  prussic  acid, 
which  destroys  their  nervous  system. 

Q.       H-^y  is  strong  ohee\  tea  un^'holeso^ie  1 

A.  Because  it  contains  prussic  acid, 
which  destroys  the  nervous  system. 

Q.  Why  is  a  dead  man  taller  than  a  living 
one? 

A.  Because  at  death  the  cartilages 
are  relaxed.  So,  also,  after  a  night's 
rest,  a  man  is  taller  than  when  he  went 
to  bed. 

Q.  What  M  SLEEP  1 

A.  Sleep  is  the  rest  of  tlie  brain  and 
nervous  system. 

Q.       TVhy  can.  we  not  see,  when  tre  are  asleep 
!■  .i.t.,  Google 
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A.  Because  the  "  ret  jna  of  the  eye" 
is  inactive  and  at  rest. 

Q.        WXy  can  we  Ttot  iieau  in  sleep  ? 

A.  Because  the  nerve  of  hearing- 
(seated  within  the  ty.mpanum  of  the  ear) 
IS  at  rest. 

Q.       Wk^/  can  we  not  taste  -whoi  tee  are  asleep  ? 

A.  Because  the  nerves  at  the  end  of 
the  tongue  (colled  papillee)  are  inactive 
and  at  rest. 

Q.       IVhy  can  kv  not  tbt^l  when  we  are  asleep  f 

A.  Because  the  encfe  of  the  nerves 
(called  papillee)  situated  in  the  skin,  are 
inactive  and  at  rest. 

Q.  Why  have  persons  in  sleep  no  will  rf  their 
own,  bill  may  be  moced  at  the  loill  of  any  one? 

A.  Because  the  "  cekebellum''  (or 
posterior  part  of  the  brain)  is  inactive 
and  at  rest. 

Q.       W%y  have  dreamers  no  power  of  jtido- 

MENT  or  KEASON  % 

A.     Because    the     "cerebrum"    (or 

^07!/  of  the  brain)  is  inactive  and  at  rest. 

Q,       Why  do  some  persons  lose  all  power  of 

A.     Because    the    "  cerebrum  "    (or 
front  of  their  brain)  has  been  injured. 
Q.       Why   does  a    person  feel   when  he    ii 

TOUCHED  ? 

A.    Because    the    ends    of    certain 


REFRACTION. 


nerves  (called  "  papill.e")  situated  in  the 
skin,  are  excited;  and  produce  a  nervous 
sensation  called  feeling. 

Q.       Why  are  persons  able  to  tiste  niFFE[tEN7 


A.  Because  the  "  papill.e"  of  the 
tong-ue  and  palate  are  exc'Uixl  wiien  faod 
touclies  them,  and  produce  a  nervous 
sensation  called  taste. 

Q.       Wliy  an  old  pcopk  unarle  lo  walk  ? 

A.  Because  their  viusdes  become 
rigid. 

Q,  Wkt/  does  ABUNDANCE  of  nsw  zn  the  morn- 
ing indicale,  t/tai  the  day  will  be  fene?  p.   189. 

A.  Because  dew  is  never  deposired 
in  dull,  doudij  v^eather,  but  only  in  v.^ry 
clear,  calm  nights ;  when  the  cold  currenta 
of  air  are  not  mixed  witli  lliose  of  a 
warmer  temperature. 

Q.  Why  does  an  oar  in,  water  appear  beni  7 
p.  35S. 

A.  Because  the  part  oifiof  the  water 
is  seen  in  a  different  medium  to  the  part 
in  the  water;  and  the  rays  of  these  two 
parts,  meeting  together  at  the  surface  of 
tlie  river,  form  an  angle-  -or,  in  other 
words,  make  the  oar  look  as  if  it  were 
bent. 


lir,  t!ley  will  tj?n:l  to  cross  each  otliur  at  tlia  surfaco  of 
liie  water,  und,  of  course,  form  an  elbow  or  angle, 

Q.  Jf  a  piece  of  brown  paper  be  sithmilted  la 
the  adion  of  a  uurning  glass,  it  will  catch  firt 
m'Mh  SOONER  than  a  piece  of  while  paper  would, ; 
E.cplain  Ihe  reason,  p.  175, 

A.  Because  whUs  paper  reflects  the 
rays  of  the  sun,  or  throws  them  back ; 
in  consequence  of  which,  it  appears  more 
luminous,  but  is  not  so  much  healed,  as 
dark  brown  paper,  wliich  absorbs  the  rays 
and  readily  becomes  heated  to  ignition, 

Besitlea,  brown  paper  is  of  a  looser  and  more  combiuO- 
blu  fabric  than  white  paper. 

Q,       Why  does  a,  lady's  blue  drees  appear 

GREEN  hy  CANDLE  LIGHT?      pp.   76,  364. 

A.  Because  the  light  of  a  candle  is 
tintfed  with  yellow  ;  and  this  yellow  tinge, 
mixing  with  the  blue  dye  of  the  dress, 
produces  green. 

Q.  ^Vhy  does  the  son  look  red  in  a  roc!  p. 
127. 

A.  Because  red  rays  have  a  greater 
momentum  than  any  other  rays;  and 
this  superior  momentum  enables  them  to 
penetrate  the  dense  atmosphere  more 
readily  than  either  blue  or  yellow  rays, 
which  are  either  absorbed  or  reflected  by 
the  fog. 

"  Momentum"  meaas,  tho  impetus  ar ^vier of  p'netrat- 
iag  the  fog. 
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Q,  Why  is  an  ink-spot  oil  Umn  BLAeit  wAea 
first  made? 

A.  Because  tlie  ink  produces  a  chemi- 
cal change  in  the  internal  condilion  of 
the  fibres  of  the  linen,  by  which  it  loses 
its  power  of  reflecting  light ;  and,  as  it 
absorbs  the  rays  of  the  sun,  the  spot 
seems  blade. 

The  Hack  color  of  ink  is  compoaed  of  a  compound  of 
Tannic  acid,  Besqni-oside  of  iron,  and  water. 

"  Tannic  acid '  is  an  acid  which  exists  in  oak  trees,  ea- 
pccially  in  tha  bark,  but  is  abundant  in  nut^lls.  II  de- 
rives its  name  fi^m  its  property  of  combining  with  tlis 
»kins  of  animals  and  oonvorting  them  into  leather,  which 
ia  called  tanning  them. 

"  Sesqni-oxide  of  iron"  means,  that  ntie  ah/m  nnd  a  half 
of  o.'ij'gen  is  mixed  with  one  atom  of  iron. — The  araount 
of  oxysen  !□  an  oxide  ia  always  expressed  by  sojie  similai 
affix,  thus 

Protoxide— 1  atom  of  oxygen")        ,         .rn,n 

Per-oside — ^tlie  highest  possible  degree  of  oxidation, 
Sesqui-oxide — IJ  atom  of  oxygen  and  1  of  base. 
Q        Why  does  the  Uack  ink-spot  on  linen  turn 
VELLOW  afler  a  few  days  ? 

A.  Because  the  compound,  which 
composes  the  blackness  of  ink,  is  de- 
stroyed by  exposure  to  air  ;  and  the  linen 
partially  recovers  its  power  of  reflecting 
colors,  but  with  a  preference  to  yellow. 
rays. 

The  tannic  acid  and  \ia,'i-iT  are  in  a  measure  taken  up 
bj  the  air,  and  the  oxide  of  iron  ioavss  «  .yellow  irot 
mould  behind. 


CANDLE    FLICKERING.  69o 

Q,  Why  does  T.RVsmcia  the  kaiv.  much  make 
the  Iiead  ilch  ?  p.  142. 

A.  1st — Because  the  friction  of  the 
hair-biush  excites  declricitij  in  the  hair, 
which  thus  becomes  overchargecl  and  ir- 
ritates the  skin :  and 

2iily — The  hair-brush  excites  in- 
creased action  in  the  vessels  and  nerves 
of  ihe  scalp,  producing-  a  slight  degree  of 
inflammation,  which  is  indicated  by  a 
sensation  of  itcliing. 

Q.  Why  does  a  candle  flicker,  especially 
just  previous  to  its  bdng  burnt  out  !  pp.  76,  80. 

A.  Because  it  is  umqaallij  supplied 
with  combustible  g"ases. — When  a  candle 
is  nearly  burnt  out,  there  is  not  sufficient 
taliow  or  v/ax.  to  keep  up  the  regular 
supply  of  combustible  gas;  in  conse- 
quence of  which,  the  flame  flickers,  i.  e 
blazes,  when  it  is  supplied  with  gas,  and 
goes  out  for  a  moment,  when  the  supply 
is  defective. 

Q.  If  the  "  COPPER."  [oT  boiler)  allocked  to  a 
kitchtn  range,  be  filled  wilk  cr>ld  water  after  lliefire 
has  been  some  time  lighted,  it  will  very  often  cback 
<<w  baru).      Why  is  this?  p.  118. 

A.  Because  the  beat  of  the  fire  has 
caused  the  "copper"  to  expand;  but 
the  cold  water  very  suddenly  condemn 
again  those  parts  with  which  it  comes  in 
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contact :  and,  as  one  part  is  larger  than 
the  otlier,  the  copper  cracks  or  bursts. 

Q.       Mlal  is  color  ? 

A.  An  inherent  property  in  tight. — 
The  reason  why  different  things  appear 
of  different  colors,  is  owing-  to  their  pow- 
er of  reflecting  some  rays  and  absorbing 
others. 

N,  B.  It  must  not  bo  forgotten,  that  color  ia  not  an  In. 
herent  properly  of  tlio  fiiiieer,  carpel,  minboio,  &c.,  but  an 
inlierent  propurty  of  tliK  ii^/U,  ivliich  falls  upon  Ilium. 

Tlio  reason  why  ono  thing  roflt-cta  one  ray.  and  nnothei 
thing  reflects  another  ray,  U  oivin;  to  the  dilTorent  thick. 
Qoss  of  thii  corpuacnlua  which  compose  Hioni— the  acid  o» 
alkaline  properlies  ofthcir  Juices  ur  dyes — the  uiiirmiuity 
and  texteri!  uf  their  parts — and  so  on ;  in  conseipieiicti  of 
which,  some  ray  or  rays  aro  reflected  in  prafunmce  ta 
otliers. 

Q.  Why,  do  all  things  appear  black  in  Iht 
DARK?  p.   371. 

A.  Because  there  is  no  light;  and  as 
color  is  ttie  inherent  property  of  ligltt, 
therefore,  in  the  dark  all  thing's  are  idi/Zi- 
ouC  color. 

Of  course,  in  certain  dcgreea  of  darkness,  objects  aro  nc- 
tnaily  invisibU.    Tlie  question  refers  to  that  peculiar  do. 

Eee  of  darkness,  when  the  fiinas  of  objects  may  be  seen, 
It  not  their  hues. 
Q.       ^Vhy  are  the  flao-stones  ofonr  streeU  fre- 
quently LOOSENED  after  a  prost?  p.  32G. 

A.  Because  the  moisture  beneath 
them,  expanded  during  the  frost  and 
raised  the  ftao^-stones  from  tlieir  beds; 
but  afterwards,  the  moisture  thawed  aud 
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Eondensed  ag^ain,  leavino^  the  flag"-stone3 


Q.  Wiy  is  a  room  wabmrr,  when  the  WJiJt- 
(four  CLRTAINJ  are  DRAWN?  ji,  \C5, 

A.  Because  air  is  a  bad  conductor; 
and  the  air,  confined  between  the  cur- 
tains and  ttie  window,' opposes  both  the 
escape  of  ivnrm  air  out  of  the  room,  and 
of  cold  SUV  into  the  room. 

Q,  IfS.!/  are  rooms  much  warmer,  for  being 
furnished  wiik  douele  doors  a>id  windows?  p. 
165. 

A.  Because  air  is  a  bad  condador  ; 
and  the  air  confined  between  the  double 
doors  and  windows,  opposes  both  the  es- 
cape oCwarm  air  out  of  the  room  and  of 
cold  air  hiio  the  room. 

Q.  Wkj/  is  LOOSE  clothing  warmer  than 
thai  which  Jits  dosdyt  p.  165. 

A.  Because  air  is  a  bad  conductor; 
and  the  quantity  of  air,  confined  between 
our  body  and  clothino^,  prevents;  Ist — 
the  heat  of  our  body  from  escaping" ;  and 
2dly — Tiie  external  air  from  coming:  in- 
to contact  with  our  body, 

Q,       Wii/ does  WETTiNa  a  cop-nelias  mufe  ti 

■WKTRJlNSPACtENT?   p.    373. 

A.  Because  the  pores  of  the  corne- 
tian  are  then  filled  with  icaicr ;  and  a? 
the  density  of  the  mass  is  rendered  some- 
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what  more  uniform  than  when  'nose 
pores  were  filled  with  air,  the  stone  be- 
comes more  transparent. 

The  watpi-  on  thu  surface  of  tlie  stone  acta  also  as  a  var- 
nish,  fn  make  the  external  coating  more  iostrous. 

N.  B.  Transparency  dupeods  on  the  uniforraitrof  parts. 
If  fho  parts  of  any  substance  are  not  pretty  aniform,  tha 
rays  ot^liglit  are  refracted  and  absorbed  so  frequenUy,  that 
no  part  of  tlicm  can  emerge  on  the  opposite  side. 
Q.  Tt'^y  does  iron  rust  ? 
A.  Because  water  is  decomposed, 
when  it  comes  in  contact  with  the  sur- 
face of  iron  ;  and  the  oxyg-en  of  the  wa- 
ter combining-  with  iron  produces  an 
oxide,  which  is  generally  called  rust. 

N.  B.  Water  is  a  compound  of  Oxygen  and  Hydrogen, 
In  the  following  proportions:  8  lbs.  of  oxygen,  and  1  lb. 
ofhydrogon^Slbs.ofwater.  , 

Q,  lV%t/  does  rAiNnuG  iron  prevent  U  front 
iiBSTLN-a!  p.  232. 

A.  Because  paint  prevents  the  moist 
air  from  coming"  in  contact  with  the  iron. 

Q,  Wh^  is  a  dull  fike  revived  bj/  sweepirtg 
eUan  ike  hobs,  bars,  ash-grate,  ^c.  of  the  slave  ?  pp. 
52,  53. 

A.  Because  the  air,  which  was  ar- 
rested by  the  loose  dust  and  coals,  finds 
its  ■wayfreehj  to  the  fire,  so  soon  as  these 
obstacles  are  swept  away. 

N.  B.  The  brightness  of  a  fire  depends  on  its  supply  of 
Oiygen,  derived  from  the  air. 

Q.  Why  does  stirring  a  dull  fike  serve  It 
giUckfa  il  ?  pp.  52,  53. 

A,     Because  it  bres'""  up  the  clotted 
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cinders  and  coals,  making"  a  passag'e  for 
the  air  into  the  very  heart  of  ibe  fire. 

A  iire  slionld  be  stirred  from  the  bottom,  and  not  from 
the  top, 

Q.  Why  does  boapy  water  "  laiher  ?"  p. 
824. 

A.  Because  soap  makes  the  water 
tenacious,  and  prevents  its  bubbles  from 
bursting  ;  "  Latlier"  is  only  an  accumu- 
lation of  bubbles. 

Q.  Whi/  is  well-made  bread  full  of  holes  or 
lyes  1  p.  257. 

A.  Because  the  fermentation  of  the 
doug-h  throws  up  little  bubbles  filled  with 
carbonic  acid  gas;  and  when  the  dough 
is  baked,  these  bubbles  are  made  perma- 
nent in  the  bread. 

Q.  Why  do  the  sails  nf  a  wind-mill  turit 
•■oundr  p.  108. 

A.  Because  the  wind,  blowing  against 
the  oblique  surface  of  the  sails,  pushes 
them  out  of  the  way,  driving  thein  from 
place  to  place  in  a  restless  round. 

Q.  After  slrilcin^  a  finger-glass,  why  is  the 
Bounii  SILENCED,  upoii  louching  the  glass  viilh  your 
fingtr  ?  p.  378. 

A.  Because  the  pressure  of  your  fiii- 
g'er  stops  the  vibrations  of  the  finger- 
g-lass ;  and,  so  soon  as  the  fing-er-glass 
ceases  to  vibrate,  it  ceases  to  make  sound- 
waves in  the  air. 

H...i.t :.  Google 
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p.  321, 

A,  Because  the  water  of  the  wet 
sponge  dissolves  the  pencil  nmrks  made 
upon  the  slate. 

Something  is  due  to  the  mechanical  action  of  tho  mero 


Q.  W/lT/  do    STARS    TWINKLE  BlOje  (Attft  USUol^ 

just  precious  to  rain  1  p.  374. 

A.  1st — Because  the  air  is  unequally- 
filled  with  vapor,  which  offers  constant 
obstructions  to  the  passag"e  of  tlie  rays : 
and 

2dly — Because  clouds  and  other 
opaque  vapors  passins:  throiiofh  the  air, 
veil  for  a  little  time  the  light  oi'  the  stars, 
which  ajfain  becomes  apparent  after  the 
clouds  have  passed : — This  constant  shiU- 
ting  off  the  lig-lit  for  very  brief  intervals, 
produces  what  is  called  tmnkUng. 

>i  altogether  satisfactory  :  probably 


difraction  ai.d  the  interfere! 

Lce  of  diffcLt 

lat  raya  with  each 

other,  ivili  Iju  found,  at  som 

e  future  tim 

e,  to  ^■.\i)lain  the 

phenomenon  batter. 

Q.  TfAy  does  milk  boil  over  more  readily 
thorn,  wafer  ?  p.  324. 

A.  Because  the  hubbies  of  milk,  pro- 
duced by  the  process  of  boiling",  are  mora 
tenacious  than  the  bubbles  of  water  ;  and 
these  bubbles,  accumulating"  and  climb- 
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iiig   one    above   anotlier,  soon   overtop 
the  rim  of  the  saucepan  and  run  over. 

Q.  If  o,  PICTURE  he  GLAZED,  joK  caiiuot  see  tht 
"print"    ill  certain  positions;  why  noL?  p.  352. 

A.  Isl — Because  glass  is  a  reHector; 
and,  whenever  the  strong  light  of  the 
sun  is  reflected  from  the  glass  to  the  eye 
of  the  spectator,  the  glass  becomes  in- 
tensely luminous,  and  the  picture  re- 
mains in  comparative  darkness  :  and 

2dly — When  the  spectator  is  so  placed, 
as  to  catch  the  rays  of  light  reflect- 
ed from  the  glass,  iiis  eye  is  dazzled 
with  the  strong  light,  and  cannot  see 
the  more  faintly  illuminated  picture  be- 
hind it. 

Q.  Dust  very  kakelv  Jlies  by  night:  why 
IS  this?  p.  188. 

A.  1st — -Because  the  dews  of  night 
moisten  the  dust,  and  prevent  its  rising 
into  the  air:  and 

2dly — As  the  surface  of  the  earth  is 
colder  than  the  air  after  sunset,  the  cur- 
rent of  the  wind  will  incline  dowmiiard ; 
and  tend  rather  to  press  tlie  dust  down 
than  to  buoy  it  up. 

Q,       When  the  cork  of  a  sod.i-watek  bottle  u- 
dravnt,  why  is  a  lowl  itpokt  made?  p.  102 
A.     Because  soda-water  coKlaiuseigllt 
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times  its  own  bulk  of  carbonic  acid  ^as ; 
which,  being  suddenly  liberated,  strike* 
against  the  air,  and  produces  a  report. 

In  the  same  wav,  as  when  we  strike  our  hand  upon  Um 
table. 

Q,  Why  does  the  cork  of  a  soda-watbp,  bnHle 
FLY  opp,  Ike  inslatU  it  has  been  released  from  tie 
bond  which  held  it  in  ?  p.  102. 

A.  Because  the  vast  quantity  of  car- 
bonic acid  gas  forced  into  the  soda-wa- 
ter can  no  longer  be  confined  ;  and  seek- 
ing to  escape,  drives  out  the  cork  with 
great  violence. 

Q.  Why  do  out  hands  and  lips  chap  in 
frosty  and  windi/  vxaihcr  ?  p.  295. 

A.     Isi — Because  the  wind  or  frost 

absorbs  the  moisture  from  the  surface 
of  the  skin  ;  and 

2dly — The  action  of  wind  or  frost 
produces  a  kind  of  inflammation  on  the 
skin. 

Cold  acts  -very  readily  upon  the  skin,  exciting  a  kind  of 
erysipelas,  of  a'  ted  color;  if  the  cold  is  continued,  tlie 
ckin  beconifS  palo  and  languid,  and  the  patient  suffers 
from  chai>3,  chilblains,  &c.  Tlie  question,  however,  Is 
one  belonging  to  the  physician,  tather  tbna  the  natural 
philosopher. 

IVAcn  a  black  subsoil  is  dug  c, 


up,  it  turns  of  a  reddish  brown  color  after  a  short 
time ;  why  is  Ihis  ?  p.  233. 

A.     Because  the  soil  contained  a  cer- 
tain compound  of  iron,  called  liie  "^^ra- 


toxide"  which  is  black ;  This  protoxide 
of  iron,  absoi'bin^  more  oxyg-en  from  the 
moist  air,  is  converted  into  another  com- 
pound, called  the  "  per-oxide  of  iron," 
which  is  of  a  reddish  rusty  color. 

There  are  fn-o  oxides  of  iron,  llie  one  containing  more 
oxygen  than  the  other.  Tlio  pvoffixMe.  whiuh  contains 
the  least  oxygun,  is  bUi^k;  Ihiipei'osidOjH'liiclicuntainstha 
moat  oxs'gen.  Is  ir-d.    p.  391. 

Q.  Why  arc  decayinb  vegetables  always 
WET?  p.  MS. 

A.  Because  the  hjdragen  and  oxygen 
of  the  vegetables  are  given  up  by  decay, 
and  form  iiuo  ivaicr. 

Water  is  comiinRod  of  tho  two  gases  oxygen  and  liydro- 
gen  in  the  fulloning  protioi'tiotis ;  8  llra.of  oxygonand  lib. 
of  hydrogen  =  9  lbs,  of  ivater. 

N.  B.  Decaying  vegetables  comliino  into  the  following 
new  forms ;  1st,  Tlio  o.vygen  and  hydrogen  form  into  wa- 
ter: and  ally,  Tli'i  carbon  unites  with  the  oxygen  of  the 
sir,  and  produces  carbonic  acid  gas. 

Q.  If  a  house  be  faced  with  stucco  to  resetrMe 
stone^  why  doi's  the  facing  very  often  flake  off  in 
■winter,  aiul  leave  the  house  unsightly  ?  p.  333. 

A.  Because  the  stucco  was  not  quite 
dry;  therefore,  its  moisture  freezuig- and 
expanding,  thrusts  tlie  t-tucco  away 
from  the  wtill;  and  when  tlie  thavs-  seta 
in,  the  stucco  being  unsupported,  will 
fall  by  its  own  weight. 

Q.       TT7ij/  do  the  lustb.es  of  a  chandelier  seem 
tial&l  with  VARIOUS  briUiaid  colors  ?  -p.  364. 
A.     Bccaiiae  each  "  drop"  of  the  chan- 
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delier  is  so  cut,  as  to  act  like  a  prism ; 
It  decomposes  the  Hgjht,  and  reflects  the 
different  rays  thereof  from  its  different 
points  or  ani»-les. 

Q.  HoKN  is  TiiANsrABENT,  why  ar&  not  horn 
SHAVINGS  transparent  also?  p.  373. 

A.  Because  the  surface  of  the  shav- 
ing' has  been  torn  and  rendered  roug'h; 
and  the  rays  of  light  are  too  much  reflect- 
ed and  refracted  by  the  rough  surface 
to  be  transmitted  throug^h  the  i ' 
so  as  'to  produce  transparency. 

Q.  When  a  glazier  is  mending  a.  window,  aitd 
deans  the  pane  Jsith,  Ai.?  brush,  viky  do  the  loose 
fieces  of  pully  {on  the  opposite  side  of  llie  window- 
fane)  DANCE  lip  and  'loioni  f.  142. 

A.  When  glass  is  rubbed,  electricity 
is  excited  in  tiie  parts  submitted  to  the 
friction,  and  on  the  part  opposite  also; 
the  electricity  attracts  light  substances, 
such  as  loose  fragments  of  putty:  As 
soon  as  these  fragments  have  touched 
the  excited  part  of  the  glass  they  become 
charged,  and  fall  back  again  ;  the  ledge 
on  which  they  fall  deprives  them  of  their 
burden,  and  they  then  fly  up  again  to 
receive  a  fresh  charge  :  This  process  be- 
ing repeated  often,  makes  tlie  commo- 
tion in  the  loose  fragments  of  putty,  re* 
ferred  to  in  the  question, 

I  .1.1  ..Google 
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A  Tciy  prefiy  espei'lmcnt  of  a  similar  kind  may  b*  mado 
thus:  Take  a  r.ptnmon  window  glass,  wipe  it  quite  dry 
tind  warm,  and  svippovt  it  on  two  wine  clasaoa  like  the 
Blab  of  a  titble:  I'TacouicfcnBeafA  the  window  flass.  at  tho 
distance  of  about  two  inches,  some  bran,  sand,  Binallpiocei 
of  paper,  Diituli  gold,  pith,  &c. :  If  you  now  tub  the  upper 
surface  of  the  wjndow  glass  with  a  silk  rubber,  the  %ht 
Bubstancus  bunuath  will  dance  np  and  down. 

N.  B.  Tlic  rubber  maybe  made  thus:  Take  a  common 
cork  cut  evenly  and  flat,  cover  it  with  a  piece  of  silk,  and 
run  a  skewur  inio  the  upper  surface  for  a  hanrtle.  A  little 
amalgam  applied  to  tho  rubber  will  greatly  improve  tbe 
expciiuent. 

Q.  TfJeft  ynv,  rub  a  piece  of  paper  with  ojdiam 
RDnnEri,  vhj/  is  Ike  paper  sticky  !  p.  34. 

A.  Because  the  friction  of  the  Indian 
rubber  ag"tiiiist  the  surface  of  the  paper 
develops  electricity,  to  which  this  sticki- 
ness is  mainly  to  be  attributed, 

Q.  If  yen  dry  a  piece  of  common,  brown 
PAPEE  by  the  fire  find  draw  it  once  or  twice  between 
your  ttco  knees,  why  •will  it  stick  fast  to  the  wall  T 
p.  34. 

A.  Because  the  friction  develops 
electricity  on  the  paper,  which  manifests 
itself  by  this  property  of  adhesion. 

Q.  Why  can  noises  be  heaed  [in  a  calm  day)  ai 
ffl  GREATER  vistakct:  on  the  sea  tha'i  on  laad  ?  p.  381. 

A.  1st — Because  the  air  over  the  sea 
is  generally  denser  and  more  laden  with 
moisture,  than  the  air  over  the  land  is : 
p.   139. 

2dly— The  density  is  more  uniform ; 
J?.  380,  and 

Ht,itt.b.Googlc 
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3dlj;— Water  being  more  elastic  than 
and,  is  a  bettei-  propan;ator  of  sound. 

Q.  TAe  height  of  modktains  may  be  ascer- 
tained by  a  BAROH  ETEiL ;  Explain  the  reason,  of  thU  f 
p.  383. 

A.  As  we  ascend  a  high  mountain, 
the  quantity  of  air  above  us  becomes  less 
and  less  every  step  -we  ascend,  and  re- 
quires less  mercury  to  balance  it ;  in  con- 
sequence of  which  the  mercury  in  the 
tube  of  the  barometer /a//s. 

If  a  pile  of  books  be  placed  on  a  table,  the  bottom  book 
will  sustain  the  ijiwj*  ^¥uigllt,  aad  every  book  ivill  sostain 
less  and  less,  as  wc  get  nearer  and  nearer  to  the  top:  The 
air  somewhat  resemi'lea  thia  pile.  That  on  tbe  aurthce  ef 
Ike  tatlh  resembles  the  bollom  book  of  the  pile ;  and,  as  wa 
ascend  a  mountain,  the  quantity  of  airabove  keepsdimin- 
ishing,  and  the  weight  to  be  sustiuned  is  in  proportion  less. 

For  general  practical  purposes  wo  mny  take  this  for  a 
rule:  for  every  100  ftet  of  perpendicular  height,  the  ba- 
rometer will  fall  i'-o  of  an  inch.  If,  thorefijre,  the  barom- 
eter  has  fallen  !i  inch,  you  know  the  mountain  is  1500 
feet  high. 

Q.      How  does  srancn  assist  in  giving  a  sTUooth 

GLAZED  BUttFACE  tO  LINEN?    f.  373. 

A.  It  fills  up  the  interstices  between 
the  threads ;  and  makes  the  fabric  of 
more  uniform  density. 

"Interstices  beln-cen  Ihe  threads."— Put  your  flngera 
dose,  and  lay  your  open  hand  on  the  fable — a  little  groow 
may  be  seen,  where  the  Angers  divide ;  these  grooves  may 
be  called  into3(ia;s;  and,  when  wo  spcalt  of  the  ''inter- 
(tices  of  linen,"  we  mean  the  groove  or  space  between 
thread  and  thread. 

Q.  ^a  DKOP  of  -H'ATBK  be  spilt  on  a  table-dotK 
why  will  it  SPREAD  in  ell  diiections  ?  f,  75. 
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A.  Because  the  threads  of  the  cloth 
absorb  the  water  by  capillary  attraction. 

Q.       Wh?/  does  BALT  puESKRVf!  meat  ? 

A,  Because  it  removes  tlie  tcater  con- 
tained in  the  aniraal  fibre  :  absorbing-  it, 
and  leaving;  the  meat  dry. 

The  reason  slated  aTiove  ia  not  the  soh  reason,  thongli 
Itia  certainly  the  cliief  ono.  Tlio  lollowinghave  some  in 
fluence  also ; 

2.  Salt  is  composed  of  chlorine  and  soiium ;  the  ohliv 
rine  of  the  salt  fakes  up  the  liydrogi/n  of  t!ic  meat  as  it  is 
giren  off,  and  prevents  the  olTensivi:  ta^to  and  smell  of  de- 

3.  Brine  draws  away  the  aHii'men,  from  between  the 
muscular  fibres,  which  is  very  subject  to  putrefaction, 

4.  The  salt  tmiCcs  with  the  muscular  fibre,  and  makes  a 
new  chemical  compound,  much  less  subject  to  decay ;  and 

5.  It  keeps  the  air  from  the  meat,  the  flies,  &o, 

Q.  Is  SALTED  meat  equally  nulrilious  as  fresh 
meat? 

A.  No  :  Because  the  albumen  of  the 
meat  is  separated  from  the  flesh  by  the 
brine  ;  as  welt  as  the  alkaline  phosphates 
and  some  other  substances  of  great 
value. 

"  Phosphates "  prononnu  fos'- fates. —Phosphates  are 
alkaline,  and  mineral. — Alkiltne  piinspUATES  are  pftospS/v 
rk  acid  combined  with  some  a^ali,  such  as  soda,  potash, 
magnesia.  Ac 

"  Albu'men  of  the  meat " — a  substance  like  the  wAite  af 
an  tgg,yi'ii\c'a  lies  betwecathe  muscular  fibres  of  all  flesf^ 
and  makes  the  meat  Isnikr. 

"The  alkaline  phosphates  of  meat"  are  such  as  these: 
the  phosphate  of  soda,  the  phosphate  of  polasli,  and  tUe 
phosphate  of  magnesia,  which  are  extracted  froTQ  lh« 
meat  by  the  add  re-aclion  of  the  brine. 
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Q.  WTiy  is  the  flesh  of  old  animals  verv 
rooGii  ? 

A.  Because  it  contains  very  little  al- 
bumen, and  much  muscular  fibre. 

Q.  Wh^  is  MEAT  always  tough,  if  it  be  put 
into  the  boiler  before  ilte  water  boils  ? 

A.  Because  the  water  is  not  hot 
enough  to  coagulate  the  alhumen  be- 
tween the  muscular  fibres  of  the  meat, 
which  therefore  runs  into  the  water,  and 
rises  to  the  surface  as  a  scum. 

Q,       Why  is  meat  tough,  whic/i  has  been  boiled 

TOO  LONG? 

A.  Because  the  albumen  becomes 
hard,  like  the  white  of  a  hard   boiled 

The  best  way  of  boiling  meat  fo  mate  it  tender  Is  this. 
Pot  your  .joint  in  very  brisk  boiling-  iratcr;  artor  a  few 
minutes,  add  a  little  cold  water.  The  boiling  water  will 
fli  the  ttlbo'mcn,  which  will  prevent  Llie  watBi-  Trom  soak- 
ing into  the  meat — keep  all  the  juiecs  in— and  prevent  the 
muBCtilar  fibre  from  contracting;.  The  addition  of  cold 
water  will  secure  the  cooking  oftho  Misiifcoi'tliojoint,aa 
well  as  of  the  surface, 

Q.  Wby  should  VEGETABLES  be  alwats  eaten 
uitk  salted  meat  ? 

A.  Because  they  are  all  ricli  in  pot- 
ash, which  the  brine  has  deprived  the 
meat  of. 

Q.  Why  are  lamb  and  veal  inore  tender  than 
beef  and  mutton  ? 

Ht,itt.b.Goog[c 


A.  Because  Uiey  coiitfiin  more  albu'- 
men,  and  less  muscLilar  flbre. 

Albu'mtn  ia  a,  sulistancc  like  tliu  white  of  m  egg. 

Q.  Whj/  do  LAJiB  aiul  veal  taint  more  quieJdy 
than  beef  and  million? 

A.  Because  they  contain  a  large 
quantity  of  albu'ineii,  which  is  very  liable 
to  undergo  putrefaction. 

Q.  Why  are  small  birds,  such,  as  quails,  larkt, 
jiarlridges,  <^c.,  covered  wilk  lard,  wlien  they  are 
roasted  ? 

A.  To  make  them  tender  and  savory. 
The  covering  of  lard  prevents  the  savory 
constituents  of  the  bird  from  evapo- 
rating with  the  water ;  in  consequence 
of  which,  the  flesh  is  more  tender  and 
sapid. 

"Sapid"  i.e.  full  of  flavor. 

Q.  Why  does  melted  wax  become  iiakd,  tokoi 
ce(d?  p.  109, 

A.  Because  die  particles  collapse ; 
and,  being  packed  more  closely  together, 
form  a  solid. 

The  sole  difference  between  a  liijTiiil  and  a  solid  i3  this— 
In  a  SOLID  the  partieles.niu  ijocked  more  cloioly  togotlicr, 
than  the^  are  in  a  liquid.  The  tendency  of  lii^at  ia,  to 
dri-oe  the  particle3_/urfier  apart  from  each  other,  und  thai 
to  ligtify  solids. 

Q.       Why  does  taint  (ften  blister  from  heat  t 

A.     Because    the    heat,    penetrating 

through  the  paint,  extracts  some  little 

moislure  from  the  wood,  and  turns  it  in- 

18 
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tu  vapor  or  steam.  As  this  vapor  re- 
quires room,  it  throws  up  blisters  in  the 
paint,  to  make  room  for  its  expanded 
bulk. 

Q.  Why  are  eottixg  leaves  hot?  pp.  60, 
253. 

A.  Because  the  rermentation  of  rot- 
ting leaves  produces  carbonic,  acid  gas, 
which  producdou  is  always  attended 
with  heat.  In  fact  rotting  is  a  species 
of  slow  combustion. 

N,  B.— Tlie  carbon  of  the  leaves  unites  wiHi  the  ozj-gen 
of  the  air,  to  produce  carbonic  acid  gas.  p.  259. 

Tlie  new  combinations  distmb  lalEnt  heat,  and  make  it 
sensible. 

Q.       Why  are  kottino  leaves  damp  ?  p.  253. 

Answered  before,  see  page  403. 

Q.  Why  does  dread  become  hard,  after  it  has 
been  KEfT  a feip  days?  p.  153. 

A.  Because  the  vapor  and  gases  es- 
cape, leaving  the  solid  particles  dry  ;  so 
that  they  collapse,  and  become  more  sol- 
id and  hard. 

Q.      Why  is  new  ceead  indigestible  ? 

A.  Because  the  change  called  "  pan'- 
ary  fermentation,"  is  not  completed. 

"  Panary  "  from  the  Lafir,  ivord  Panis  (bread) ;  "  panar; 
fenaenlatioa"means,thcfennentatioQttiat  dough  nader- 
goes  in  order  to  become  bread. 

The  ^igar  of  the  doiigh  is  converted  into  alcohol  and 
carbonic  acid  by  ferraKntation ;  the  dough  being  adhcBive, 
prerentB  the  escape  of  these  products,  tilt  the  maas  il 
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iaiedi  when  tlio  gas  expands,  biusts  through  (he  mass, 
leaving  a  number  of  holes  or  bladders,  to  show  where  it 
waa  cooflncd. 

So  long  as  tho  broad  is  warm,  tlic  process  of  fermenfa- 
tloa  is  going  on;  and,  thevcforu,  bread  should  never  bo 
eat«n,  till  it  ia  24  hours  old. 

Q.  Wki/  are  plants  white,  which  are  kepi  in 
the -DARK  t  p.  372. 

A.  Because  chlo'rophyll  can  be  form- 
ed only  by  the  agency  of  ihe  sun's  rays ; 
and  it  is  this  peculiar  chemical  principle, 
which  g:ives  the  green  tinge  to  heaUhy 
leaves  and  plants, 

Chlo'rophyll  is  the  graen  coloring  matter  of  Icavea. 
Q.       Why  does  oil  become  thick  in  wintee- 
TTME  ?  p.  268. 

1st — Because  it  is  condensed  by  the 
cold,  and  rendered  moie  solid  :  and 

2dly — Because  the  "  ste'arine,"  which 
is  held  in  solution  in  warm  weather,  is 
separated  by  the  action  of  the  cold  ;  and 
deposited  as  a  thick  white  almost-solid 
matter. 

"  Stoarine"  (from  the  Greek  word  srsap,  sk«?)  is  the  juM 

or  h/a-d  ingredient  of  all  fat,  suet,  oil,  &c.    The  soft,  or 

Iqnid  part  is  called  oleino  from  the  Latia  word  oleum  (oil.) 

Q.       Why  is  mutton  fat,  S^r..,  solid,  and  oil 

liquid  ? 

A.  Because  fat  contains  a  predomi- 
nance of  solid  ste'arine  ;  and  only  a  very 
small  quantity  of  the  liquid  oily  substance, 
called  oleine.    On  the  other  hand,  oil 
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contains  more  of  the  liquid  oleine,  and 

less  of  the  solid  matler,  called  ste'arine. 

Q.       Wliy  is  ciiTTi:n  uaf.b  in  winteT,  and  sosH 

A.  Because  in  winter-time  the  wea- 
ther is  too  cold  to  nu'lt  the  ste'arine,  and 
the  butter  is  solid  ;  biU  the  heat  of  suna- 
mer  dissolves  it,  or  holds  it  in  solution 
in  the  oily  substance  called  oleine,  and 
the  butter  is  soft  and  liquid. 

Q.  Why  does  a  rov-cv:;  make  a  loud  eeport, 
•when  Ike  paper  buUrl  is  discharged  frtm  ill  p.  102. 

A.  Because  the  air.  confined  between 
the  paper  bullet  and  the  discharging  rod, 
is  suddenly  libeifitetl,  and  strikes  against 
the  surrounding  air  ;  this  makes  a  report 
in  the  same  way,  !is  wiien  any  two  solids 
(such  as  your  hand  and  the  table)  come 
into  collision, 

Q.  How  does  steam  make  the  whislle  of  a  loco- 
motive engine  sound  ?  p.  II 0. 

A.  Tile  whistle  is  so  constructed,  as 
very  frequently  to  obstruct  the  free  pas- 
sage of  the  steam  through  the  jet;  in 
consequence  bf  which,  very  rapid  vibra- 
tions are  caused  in  t!ie  air,  producing  the 
sharp  shrill  sound  of  the  locomotive 
whistle. 
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7680  vlWationa,  tlie  sound  is  sharp  and  shrill ;  tlie  shrill- 
ness increasiug,  as  the  vibrations  iiici-uaso  in  number. 

Q.  Why  will  bmght  ii;on  lose  ils  polish  4} 
being  put  into  a  fire  ?  p.  23 1 . 

A.  Because  the  oxygen  of  the  air 
very  readily  unites  witli  the  surface  of 
hit  iron,  and  forms  a  metallic  oxide ; 
which  displays  itself,  in  this  case,  by  a 
dull  leaden  color,  iristead  of  a  red  rust. 

Q.  Why  does  bound  skem  LOTinEit  in,  caves, 
than  on  a  plain?  p.  381. 

A.  Because  the  sides  of  the  cave 
confine  the  sound-waves,  and  prevent 
their  spreading ;  in  consequence  of 
which  their  strength  is  g-reatly  increased. 

Q.       TVhi/  does  paint  preserve  wood  ? 

A.  1st — Because  it  covers  the  sur- 
face of  the  wood,  and  prevents  both  air 
and  damp  from  penetrating  into  the  pores: 

2dly — Because  paint  (especially  of  a 
white  color)  being  a  bad  conductor,  pre- 
serves the  wood  of  a  more  uniform  tem- 
perature: and 

3dly — Because  it  fills  up  the  pores  of 
the  wood,  prevents  insects  and  vermin 
from  harboring  therein  and  eating  up  the 
fibre. 

Q.  Wkt/  does  UNSEASoMiso  wood  deoay  mtici 
more  rapidly  than  tcood  well  ^ra^oned  1 

A.    Because  the  albumen  which  the 
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Bap  contains,  produces  a  species  of  fer- 
menlalion ;  during-  wliich,  the  cell'ulir. 
and  ligneous  matter  of  tlie  wood  are 
turned  into  carbonic  acid  and  water. 

"  Albu'rDcn,"  a  subatancu  resembling  the  tnhile  of  an 
egg- 

"  Celliilhi,"  thu  substance  vrliiuh  compoaea  the  ceZZi  of 
wood,  aj  wax  composos  the  cells  of  a  honey-comb  in  a 

"Ligneous  rnattor,"  or  vegetable  fibre,  ia  the  hard  or 
woody  part  of  wood. 

Q.       Tffty  is  WOOD  placed  in  a  stream  of  rH»- 

ning  WATEK.  to  SEASON  U  1 

A.  -  Because  llie  running  water  wash- 
es away  the  sap;  and  thus  prevents  fer- 
mentation and  decay. 

Q.  WIty  toUl  solutions  of  salts  prevent  the 
DECAY  of  wood  steeped  ihcrem  ? 

A.  Because  tlie  salts  unite  with  the 
albu'men  of  the  s!ip,  coagulate  it,  and 
prevent  fermentation. 

Q.  Why  does  mother  of  peart,  show  so  many 
colors  ?  fp.  364,  370. 

A.  Mother  of  p3iirl  consists  of  a  vast 
number  of  very  thin  half-transparent  lay- 
ers of  unequal  tliiclmess,  over-lapping' 
each  other  like  the  scales  of  a  fish. 

Where  these  layers  terminate  are  very 
small  grooves  or  t^ti-eaks  running  in  all 
directions,  which  (ict  like  prisms. 

It  is  these  stfcoldn:^s  or  grooves,  which 
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cause  the  various  and  changing  colors  of 
mother  of  pearl. 

The  samu  thing  may  very  easily  bo  imititeil.  and  U 
frequontly  done  in  what  are  cailuil  "  iris  ornaments."  first 
invented  by  Julin  Barton,  E-si].,  of  the  Roynt  Mint.  These 
iris  omamuiits  are  made  or  stuci,  and  have  about  30  000 
grooves  per  inch;  they  are  iisyd  in  court  dresses,  for  buU 
tons,  sword  handles,  &c.,  and  are  vury  brilliant  indued. 

Mother  of  jicarl  may  be  alio  imitatHd  by  taking  impres- 
sions of  it  in  wax,  balsam  or  colu,  isinglass,  or  gum,  these 
impressiona  will  exhibit  oil  llie  siiades  and  colors  uf  nxither 
of  pearl,  merely  because  the  impression  will  be  stieaked 
or  grooved  in  a  similac  way. 

Q.  W/iy  can  you  fill  a  dry  glass  beyond  the 
leedoflhebrim?  p-  20fi. 

A.  Because  the  mass  of  water  in  the 
glass  holds  the  overplus  back,  by  the 
power  of  attraction. 

Q.  W7n/  will  Ihe  overplus  insl.anily  fiow  over, 
if  the  edges  of  the  glass  are  trel  ? 

A,  Because  the  water  on  the  edge 
of  the  glass  has  an  affinity  to  the  water 
towering  above  it,  no  less  than  the  water 
in  the  body  of  the  glass  has ;  and  in  this 
state  of  equilibriuiii  the  force  of  gravity, 
acting  on  the  elevated  particles  of  waterj 
causes  them  at  once  to  fall  over. 

Q.  Jf  you  have  a  lillle  tea  m  yoar  cwp,  aid 
rest  your  spoon  on  tlie  bolloia  of  the  ewp,  why  doe$  the 
TE*  RUSH  lo  the  SPOON  ?  p.  387. 

A.  Because  the  spoon  attracts  it,  by 
what  is  called,  capillary  attraction. 

The  sloiiing  spoon  makes  with  the  sides  or  bottom  of 
(to  cup  a  siwco  iu  Uie  aliapoof  a  very  small  wedge  j  wher< 
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the  npcrtiire  is  small,  (he  cup  and  epooD  di'oir  tlid  tea  np 
by  tli«  force  of  attraction ;  and  the  nanewer  tlit  opening, 
the  slranga-  IhB  altractiOQ. 

Q.  When  LiQUon,  U  decanted  or  poured  from  a 
bottle,  why  does  it  ourgle  ?  p.  250. 

A.  This  bubbling;  noise  is  made  by 
the  air  bursting  into  the  bottle,  and  the 
liquor  bursting  out. 

Tlie  liquor,  filling  the  neck  of  the  bottle,  preranta  the 
air  from  getting  fi'eely  in;  and  llio  air,  jiressiiis  against 
the  moutli  of  tlie  bottle,  prevents  the  iiiiuor  from  getting 
freely  out:  in  consequence  of  wliicli,  tlie  air  bursts  into 
the  neckof  the  bottle,  and  the  liquor  runs  from  the  same, 
by  fits  anJ  atarls,  as  either  is  able  to  prevail :  as  this  pro- 
cess U  rupeatud,  tho  Doisc  produced  is  called  a  gurgle. 

Q.  WAy  will  LUCIFER  matcetes  ig:«(te  bp 
merely  drawing  them  across  any  rough  surface? 
fp.  93,  221. 

There  are  two  aorta  of  lucifer  matches;  those  that  ignite 
lUenCly,  and  those  that  ignite  with  an  explasiim. 

A.  Silent  Lucifebs  are  made  of 
phospliorus,  which  has  an  affltiity  to  oxy- 
gen at  the  lowest  temperaLure ;  in- 
somuch that  the  little  additioiial  heat, 
caused  by  the  friction  of  the  match  across 
the  bottom  of  the  lucifer-box,  is  suffi- 
cient to  ig-nite  it;  and,  at  the  same  time, 
to  ignite  the  sulphur  with  which  the 
match  is  tipped. 

Explosive  Ldcifers  are  made  of 
chloride  of  potash,  which  wilt  cxpbde  by 
very  slig^ht  friction,  and  produce  combus- 
tion. 

Ht,itt.b.Googlc 
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"  Cblorato  of  pnfash  "  is  a  compound  of  chloric  acid 
»nd  polash.  Ciiiorio  acid  is  a  compound  of  two  gases, 
olilorine  and  oxygen. 

Q,  Why  will  not  lucifir  matches  ignite,  if  they 
are  damp?  jj.  48. 

A.  1st— -Because  the  cold,  produced 
by  the  evaporation  of  the  water,  neutral- 
ises the  lieat  produced  by  the  friction  of 
the  match  across  the  bottom  of  the  luci- 
fer-box :  and 

2d!y — Because  the  damp  prevents  the 
free  accession  of  oxygen  to  the  match, 
without  which  it  cannot  burn. 

Q.  When  our  likeness  is  reflected  in  a  loohing' 
glass,  the  entire  image  is  reversed;  so  that  our 
EIGHT  ehee/i  is  the  left  cheek  of  the  refkclion,  ^c.  t 
why  is  this?  p.  345, 


As  in  a  mirror  all  the  lines  and  angles 
oHnculcncc  equal  the  lines  and  angles  of 
reflection,  il  is  manifest  that  those  parta 
of  the  person  which  are  nearest  the  mir- 
ror, will  seem  to  be  nearer  than  those 
more  remote ;  but,  if  our  right  cheek 
were  to  cross  over  to  the  right  cheelt  of 
the  reflection,  then  tliis  law  would  be 
broken. 

Our  riglit  clicek  would  cross  over  to  the  right  check  in 
Iho  mirror,  and  our  loft  to  the  left,  ^'xS  i"  wbicli  (mth- 
oat  dowit)  tho  extreme  poinls  of  llio  diagonals  A.  A,  and 
B  B,  are  further  apai-t  than  A  is  from  II. 
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Q  .  A  SILVER,  tea-spoon  becomei  Moni,  heated 
hy  hot  tea,  than  one  of  iwfERiOR  metal  (as  Geriaan 
alver,  Nickel,  i^c);  -why  is  l/tis  ?  p.  1 56. 

A.  Because  silver  is  a  belter  conduct- 
or than  Grerman  silvei"  or  Nickel. 

Tho  ttirec  best  conductors  of  heat  uro,  ] .  Gold,  2.  Silver, 

Q.  If  yon  scrape  a,  slip  of  paper  with  a  knifi, 
why  wis  the  paper  curl  ? 

A.  Because  the  under  surface  of  the 
paper  is  mnlraded  by  the  scraping,  which 
bring-s  tlie  particles  closer  together ;  this 
contraction  of  the  under  surface  bends 
the  slip  of  paper  into  a  curl  or  arch. 

Q,  Why  does  the  stopple  of  a  deeatUer  stick 
fast,  if  it  be  -put  in  damp  ? 

A.  If  the  stopple  be  danip,  it  flts  the 
decanter  air-tigfil ;  and  if  the  decanter 
was  last  used  in  a  heated  room,  as  soon 
as  the  hot  air  inclosed  in  the  inside  has 
been  condensed  by  the  cold,  the  weig"ht 
of  the  external  air  will  be  snnicieiit  to 
press  the  stopple  down,  and  make  it  stick 


Q,  IVky  does  the  stopple  of  a  smelling-bot- 
rLE  very  often  stick  fast  ? 

A.  Because  the  contents  of  a  smell- 
ing-bottle are  very  volatile,  and  leave  the 
neck  of  the  bottle,  and  the  stopple, 
damp. 

If  the  smelling-bottle  was  last  used  io 
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a.  hot  i-oom,  as  soon  as  the  hot  air  and 
volatile  essence,  inside  the  bottle,  liave 
been  condensed  by  the  cold,  the  weig'ht 
of  the  external  air  will  be  sufficient  to 
press  the  stopple  down  and  make  It  stick. 

In  the  last  tiro  instances,  the  pressure  of  sir  forces  the 
ttopple  down  too  fur,  so  that  it  is  Jike  a  cork  wlitch  has 
been  foi'ced  into  a  bottle :  Hence  there  are  two  mechani- 
cal forces  to  contend  a^inst;  1st,  The  weight  of  air  on 
the  stopple  which  holds  it  down,  as  an  cxliausl«d  receiver 
is  held  tight  on  (ho  plate  of  an  a[r>pnmp :  and  2d)y,  Thn 
neck  of  tlie  bottle,  {expanded  by  heat  when  the  stopple 
was  put  in.)  will  girt  it  with  great  pressure,  so  soon  as  it 
is  contracted  again  by  cold. 

Q.  Decaying  vegetables  are  first  of  a  brownish 
tint,  why  do  they  ajlerwa/rds  turn  of  a  deep  black} 

A.  Because  the  hydrogen  of  the  de- 
caying- vegetables  is  separated  fi-om  the 
mass  by  the  process  of  decay,  and  leaves 
a  larger  proportion  of  carbon  behind. 

Vegetable  fihre  contains    521  per  cent,  of  carbon. 
When  i)artially  decayed    51     "      "     "      " 
When  black  with  decay    59     "      "     "      " 

Q,  Wliy  is  an  oak  btruck  by  LioHTNiNa 
more  frequently  than  any  other  tree  ? 

A.  Because  the  grain  of  the  oak, 
being  closer  than  that  of  any  other  tree  of 
equal  bulk,  renders  it  a  better  conductor. 

It  is  said,  that  the  sap  of  the  oak  contains  a  htrge  quaa- 
tity  of  trim  in  solution,  which  impregnates  the  wood  and 
bark,  Urns  increasing  its  conducting  power. 

Q.  Why  does  a  lobster,  ^hkh  it  blacli  wAUe 
$iive,  turn  ked  by  being  bojled  3 

A.     The  blackness  is  due  to  a  peculiar 
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coloring  matter  secreted  by  the  lobster; 
which,  however,  turns  red  when  exposed 
to  the  heat  of  boiling  water. 

Q.  Whff  does  a  shrimp,  which  is  nearly  white 
while  alive,  turn  aen  by  being  boiled  ? 

A.  The  delicate  pinky  whiteness  is 
due  to  a  peculiar  coloring  matter  secre- 
ted by  the  shrimp ;  which,  however, 
turns  red  whea  exposed  to  the  heat  of 
boiling  water. 

Many  coloring  matters  pass  into  each  other  under  very 
Blight  chnnges  of  condition,  g.  e. 

Btae  indigo  cbangos  to  Krtife  indigo,  if  only  one  atom 
more  of  hydrogen  be  added.  So  also,  the  gitien  chlorophyll 
of  Icaroa  changca  into  llio  inflnite  huus  of  lUo  potala  of 

The  science  of  colors  is  not  at  present  snlfieiently  undor- 
Btood  to  give  yeiy  lucid  explanallons  of  these  dianges  ; 
the  /acis  ai'e  known,  and  little  else  besides. 

Q,  WAy  is  the  shadow  of  the  wxn  stronger 
than  the  shadow  of  the  s%n  ? 

A.  Because  the  lighi  of  the  moon  is 
not  so  stro}ig  as  the  light  of  the  sun;  in 
consequence  of  which,  the  dispereed  and 
reflected  rays  of  the  moon  cannot  reduce 
the  opacity  of  shadows  so  much,  as  the 
more  intense  rays  of  dispersed  and  re- 
flected daylight. 

"  The  opa'dly  of  shadows,"  i.  e.  the  darkness  of  shadows. 
Q.       Why  does  hartshorn  take  out  tlte  red  spot 
in  elolhj  produced  hy  any  acid  ? 

A.     Because  hartshorn  is  an  alhdi 
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and  the  peculiar  property  of  every  alkali 
s  to  neutralize  acids. 

"  Alkali  "  pronounce  Al'-ka-Ii.  Soda,  potash,  magnesia, 
&.C.,  ace  alkalies. 

Upon  tliis  principle  effervescing  drinks  arc  niado  of  a 
carbonatu  of  aoda  [tm  alltali),  and  dtric  or  tartaric  acid. 
Effevvescence  is  produced,  by  the  giving  off  of  carbonic 
ftcid  during  the  process  of  neutral  (nation. 

N.  B. — The  carbonic  acid  is  made  from  the  carbon  (of 
the  carbonate  of  soda)  combining  with  the  oxygen  of  the 
ucid.    p.  43. 

Q,  Whi/  will  rowDERED  sulphuk  quench 
FIRE  more  readily  than  water  ? 

A.  1st — Because  powdered  sulphur 
has  a  very  strong;  affinity  for  oxygen,  and 
converts  it  into  sulphurous  acid;  as  this 
is  the  case,  the  fire  is  deprived  of 
its  essential  food  (oxygen),  and  is,  in 
fact,  starved  out :  and 

2dly — Because  sulphurous  acid  throws 
off  dense  vihile  fames,  and  surrounds  the 
fire  with  an  extinguishing  atmosphere. 

The  dlSbrenc*  between  sulphnrona  acid  and  sulplinric 
acid  is  this:  snlphurons  acid  contains  less  oxygen  than 
sulphuiicacid.  When  we  bum  sulphur  in  air,  it  throws 
off  suffocating  white  funiea,  called  aulpliuroM  acid. 

Q.       J/ow  does  STAKCH  STIFFEN  Unea  ? 

A.  By  filling  the  interstices  of  the 
fabric  with  a  solution  of  starch,  by  which 
means  the  linen  is  made  more  rigid, 

Q.       Why    should    lightning-conductohs    bt 

POINTED  ? 

A.    Because  points  conduct  electricity 


away  dlently  and  imperceptible/ :  bul 
knobs  produce  an  e.?pfosion,  which  would 
endanger  the  building-. 

Points  empty  the  clouds  of  electricity,  acting  at  a  miicb 
greater  diiitance  than  knobs ;  thus  a,  Leydcn  jar  of  eonsid- 
ci'alile  size  may  be  safely  and  silently  discharged,  by  hold- 
ing the  point  of  a  needle  an  Inch  or  two  off. 

Blades  of  grass,  the  ears  of  corn,  and  other  pointed  ob- 
jects, serre  to  empty  the  clouds  of  their  eleotncity. 

Q.  Why  do  BRICKS  tuTn  ghebn,  ajler  they 
have  been  exposed  to  the  weather  ? 

A.  The  "  green"  is  a  moss  or  lichen, 
which  grows  on  the  bricks ;  the  seeds  of 
which  were  carried  to  the  surface  by  the 
winds, 

Q,  When  POTATOES  6 
al  the  TOP  of  thi  boiler  co 
rtearer  the  fire  ? 

A.  1st — Because  the  Itoltest  particles 
of  the  water  rise  to  the  top  of  the  boiler, 
and  the  coldest  particles  sink  to  the  bot- 
tom :  and 

!2dly — Because  the  top  of  the  boiler  is 
always  enveloped  with  very  hot  escap- 
ing steam  ;  in  consequence  of  which,  the 
potatoes  on  the  lop  are  subjected  to  more 
intense  heat,  than  those  at  the  bottom  of 
the  boiler  are, 

Q.  ^a  SILVER  SPOON.  loMek  has  been  tarnished 
by  tin  EGG,  fie  nibed  with  a  little  Salt,  lehy  will  Ihi 
tarnish  disappear  ? 

A.     The  tarnish  in  this  case  issulphu' 
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ret  of  stiver,  produced  by  the  sulphur  of 
the  egg  combining' with  the  silver  spoon. 
Salt  acts  upon  this  sulphuret  of  silver 
thus — 

The  sodium  of  the  salt  combines  with 
the  sulphur,  and  produces  sulphate  of  so- 
da. The  sulphur  being:  thus  taken  away 
from  the  silver,  the  tarnish  disappears. 

"Sulphuret  of  silver,"  i.  e.  sulphur  in  combination  ivith 

Salt  is  %  comtiound  of  the  metal  called  sodium,  and  the 
gas  called  chlorine. 

'Sulphate  of  soda"i3  a  comblDation  of  snlpbaric  acid 
and  Eoda. 

Q,       Whr/   are    books   discolored    by  ace  or 

DAMP? 

A,  Because  the  fibre  of  the  paper 
becomes  partially  decomposed,  and  va- 
rious impurities  from  the  atmosphere  (or 
other  sources)  become  mixed  with  it. 

Q.       Why  does  souit  milk  curelb  1 

A.  Milk  consists  of  five  ing-redients: 
Ij  Casein  or  curd  ;  2,  Butter  ;  3,  Sugar ; 
4,  Water  ;  5,  Certain  Salts. 

The  Casein  or  curd  of  sioeet  milk  i-s 
like  the  white  of  an  egg-  before  it  is 
boiled ;  but  the  casein  or  curd  of  sour 
milk  is  like  the  white  of  an  egg  after  it 
is  boiled. 

This  casein  or  curd  of  milk  is  coagu- 
lated by  acids: — When  miik  is  sour,  the 


424  MILK    SOUR. 

luetic  acid  of  the  sour  milk,  mixing-  wiih 
the  casein,  cougulaies  it;  in  consequence 
of  wliich,  it  separates  from  the  water 
and  becomes  an  insoluble  mass ;  or  (in 
other  words)  the  milk  curdles. 

"  Lactic  a«id"  (from  the  Lit  in  wordLac,miH:)l9tlieadd 
of  sour  milk.  But  it  is  found  in  several  other  siibstaoces 
ftlso,  as  in  tlie  furnientert  juice  of  beet-root,  turnips,  car- 
rots, rica-wttt*:r,  tanning  bark,  &c. 

Q.       W/ii/  does  MILK  luTn.  sour  by  keeping? 
A.     Because  it  uiiderg^oes  a  fermen- 
tation ;    durin?  whicb  "  lactic   acid"  is 
formed,  which  tui'ns  the  milk  sour. 

The  lactic  add  is  fomied  from  the  sugar  of  milk  by  fer- 
mentation. 

Q.  11111/  does  MILK  turn  sour  in  hot  weather.^ 
■much,  sooner  ikan  in  cold  ? 

A.  Because  heat  very  g"reatly  accel- 
erates the  process  of  fermentation  ;  dur- 
ing which  lactic  acid  is  formed,  which 
turns  the  milk  sour. 

Q,  Why  can  yov,  never  boil  stale  hilk 
witkoiit  curdling  it  ? 

A.  Because  stale  milk  is  in  an  incip- 
ient state  of  fermentation,  which  the  heat 
of  the  fire  g"reatly  accelerates :  The  lac- 
tic acid  which  is  formed  during^  fermen- 
tation, mixing  with  the  casein  of  the 
milk,  coagulates  it. 

Casein  {  prunounce  cas'-e-in)  is  tlie  curd  of  milk  coagu- 
lateil  by  iitiih  only. 

Q.       Why  does  rennet  curble  milk  I 
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A.  Because  it  converts  the  sug-av  of 
milk  into  lactic  acid,  which  mixes  witii 
the  casein  and  coag-ulates  it. 

Milk  contains  iKida  and  potash;  soloneastlicsBttllialieg 
are  combinud  with  the  casein  of  tho  luilli,  the  coiupnnijd 
is  soluble  In  water,  and  the  milk  sweet:  bntwiien  the 
acid  deprives  the  casein  of  the  alkaliua  by  combining  irith 
tlicni  itself,  tht-n  the  casein  is  do  longer  soluble  in  watei', 
but  is  precipitatud  or  curdled. 

Rennet  is  the  prepared  inner  membrane  of  the  stomach 
of  a  calf'  so  called  from  tha  Goruian  word  i-imi^a  (to 
curdle.) 

Q,       Why  does  churniho  cream  coamrl  it  into 

A.  Cream  is  the  fat  or  butter  of 
milk,  contained  in  little  globular  cases  of 
albu  men : 

By  churning-,  this  film  or  envelop 
of  albu'men  is  broken,  antt  the  butter  oi 
fat  set  free. 

The  globules  are  invisible  to  tho  naked  ej-c,  but  Tiiay  ba 
distinctly  seen  floating  about  milk,  by  a  tolerable  micro- 

Allln'men  is  a  substance  resembling  the  white  of  an  eg-g, 
Q.  Why  does  ike  sun  or  fire  warp  wood  ? 
A.  Because  heat  draws  out  the  moist- 
ure from  that  part  of  the  wood  which 
faces  it,  and  causes  the  heated  surface 
to  shrink;  as,  therefore,  the  lieated  sur- 
face of  the  wood  shrinks,  and  is  smaller 
than  the  oilier  surface,  it  draws  it  into  a 
curve,  and  the  wood  is  warped. 

Q,  Why  does  the  sun,  for  the  mcst  pail,  74t;» 
Artificial  coLOGS  'i 

I  .i.t.,  Google 
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A.  Generally,  the  loss  of  col(;r  arises 
from  llje  oxidation  of  the  substances  used 
in  dyeing- ;  as  tarnish  and  rust  are  ati  okI- 
dation  of  melals. 

Sometimes,  however,  the  ingredients 
of  the  dye  are  otherwise  decomposed  by 
the  sun  ;  and  the  color  (which  is  due  to 
a  conthination  of  ingredients)  undergoes 
a  changfe,  as  soon  as  the  sun  deranges 
or  destroys  that  combination, 

Q,  When  a  knipp.  is  skarvevM  on  a  gbind- 
6T0NE,  vihy  is  OIL  or  water  used  ? 

A.  To  make  the  contact  more  perfect. 
The  oil  or  water  fills  up  the  interstices 
of  the  rough  stone,  and  makes  a  more 
uniform  smface :  In  consequence  of 
which,  the  entire  edge  of  the  blade  !s  sub- 
mitted to  an  equal  portion  of  friction, 
which  would  otherwise  be  rough  and 
uneven. 

Q       Why  does  baking  dough  eorwcrt  it   into 

BREAD  1 

A.  When  flour  is  baked  in  an  oven 
its  starch  is  changed  into  a  gum  called 
dextrin :  and 

A  similar  change  is  produced  upon 
the  farinaceous  portion  of  the  dough. 
The  yeast  (added  to  the  dough)  converts 
part  of  the  starch  and  sugar  into  alcohol 
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and  carbonic  acid  :  Of  these,  the  alcohol 
evaporates  in  the  oven,  and  the  carbonic 
acid  forces  the  doua^h  into  bubbles,  in  its 
effort  to  escape,  renderings  the  bread 
lio^ht  and  full  of  eyes. 

In  lOOllja,  of  bread,  and  100  lbs.  ofdoagh,  wu  have 

In  dough,  ea  lbs.  5  lbs.'         0=100 

In  broad,  53i"  SJ  "  18=100 

whereby  it  will  be  soen  that  161  lbs  of  etarch  have  been 
convorted  into  the  gum  called  duxtrin  by  baking. 

Dextrin  is  a  gummy  matter  similar  to  tliat  which  com- 
poses the  cells  of  wood  (called  cellu'lin),  only  it  ia  soluble 
in  cold  water. 

Diastase  (pranotwiM  di-aa'-tase)  is  a  peculiar  vegetable 
principio  of  malt  extracted  by  water,  which  converts  staroli 
m^>  dcxti'in  or  sugar. 

Q.  Wk]/  does  BREAD  become  w.ouldy,  after  ii 
has  been  kept  a  few  days  f 

A,  Because  spores  of  the  mould  fun- 
gus, floating:  in  the  air,  fix  themselves  in 
the  decaying:  bread  and  germinate. 

Fungi  germinate  only  in  decayins  bodies. 

Spores  (onfl  ^/Uaile)  or  Spornles  (.(jto  si/h.)  from  (he 
Greek  worn  nopa  (seed)  is  a  word  used  by  botanists  to  in- 
dicato  the  seed  ofccyptt^amio  or  flowerless  plants.  They 
liilTur  (VoBi  sooda  is  this  respect,  every  part  of  the  spore 
shoots  into  a  plant,  and  not  one  particular  point  alone,  as 


Q.  Why  does  meat  putrefy  sooner  in  hot, 
DAMP  iccalker,  than  in  cold  ? 

Putrefaction  is  simplytho  decoraposi  lion  of  the  original 
blcmcnts,  and  their  reunion  in  a  new  order.  Thenetrordot 
isaafuUnivs: 

1st.  Carbon  and  oxygen  unite  to  form  carbonic  acid ; 
2dl7,  Hjdrogenand  txygen "    "     "        water; 
i'dly.  Hydrogen  an^t  nitrogen    "     "      ammonia. 
N.  U." -Carbon  unites  with  osygen  with  a,  readiness  pr» 
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portioned  to  its  host:  When  red  hot,  the  combinaliwi  ll 
most  rcidi!)'  cffijcled. 

The  reason  why  meat  taints  move 
rapidly  in  hot  -weather  than  cold,  is  lliis ; 
Because  the  carbon  of  the  meat  unites 
witii  tile  oxygen  of  the  air  more  readily 
when  hot  than  cold  :  and 

The  reason  wliy  damp  aids  putrefac- 
tion is  this  ;  Because  the  damp,  deposit- 
ed on  the  surface  of  the  meat,  is  of 
itself  one  of  the  compounds  of  putrefac- 
tion, and  leaves  an  excess  of  hydrog^en 
in  the  meat :    and 

Thus  the  original  proportions  and  com- 
binations of  the  meat  are  altered  and  de- 
composed. 

Tlic  chief  reason  why  salt  ftreserves  meat  is  because  it 
absoiba  tlie  water  from  it,  and  deprives  it  of  hydroguQ. 

Q.  Why  does  meat  ruTHEi-v  most  rapidly  in 
eery  changeable  wealAer  ? 

A.  Because  moistui'e  is  more  freely 
deposited  on  tlie  meat  in  very  change- 
able weather;  and  this  moisture  is  a 
chief  compound  of  putrefaction. 

Q.  BiuDs,  after  they  are  killed,  keep  loTtger  m 
Iheir  FEiTHERS,  ihafi  when  they  are  pinched ;  why  U 
this  ? 

A.  Because  the  feathers  prevent  the 
air  or  damp  from  g^etting"  so  readily  to 
the  bird,  to  piwluce  fermentation  or  de- 
cay. 

ii..i.t.,  Google 
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A.  Because  the  side  away  from  the 
light  gi'ows  faster;  than  the  side  facing 
the  hg"ht,  and  puslies  the  top  of  the  plant 
over  in  a  curve. 

Wood  is  jeai-peil  by  the  fire,  because  the  n/irler  surface  is 
nmnllur  than  the  npiier. 

And  jMtper  ia  made  lo  curl  by  sorapLng  the  under  surl^e 
will)  a  hnirii  fur  the  same  reason, 

K.  B. — Woody  tissuo  is  deposited  in  the  stem  most 
abundantly  on  (he  side  nenresl  ike  light ,-  and  whure  luood 
is  formed  most,  growth  is  slowest,  because  the  part  is  leas 
Eucciilont. 

Q.  Why  does  Indian-eubber  erase  pencil 
MARKS  froia  pa/per  ? 

A.  Indian-rubber  contains  a  very 
larg'e  quantity  of  carbon  :  Black-lead  is 
carbon  and  iron. 

Now,  the  carbon  of  the  Indian-Tubber 
has  so  g'l-eat  an  attraction  for  the  black- 
lead,  that  it  takes  up  the  loose  traces  of 
it  left  on  paper  by  a  pencil. 

Q.       Why  does  water  kot  wood  ?  and  why 

does  AIR  TOt  WOOD  1. 

A.  Because  it  converts  the  solid  part 
of  the  wood  into  -what  is  called  humus, 
by  oxidation  ;  thus — 

1st — The  carbon  of  the  wood  is  oxi- 
dised into  carbonic  acid  ;  and 

2dly — The  hydrogen  of  the  wood  is 
oxidised  into  water — the  residue  be- 
comes humus  or  mould. 

I  .i.t.,  Google 
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"  Humus."  prontmiice  IJ'-mua.  The  Waclt  mould  ofoui 
pirduna  is  called  humus,  and  is  produced  by  the  decay  of 
regelable  matter  by  the  action  of  air  and  water. 

Q.  Why  does  water,  make  a  hissimq  boim, 
when,  it  is  poured  on  fire  ? 

A.  Because  the  part  which  comes  in 
contact  with  the  hot  coals  is  immediately 
converted  into  steam;  and,  as  it  flies  up- 
ward, meets  other  particles  of  water  not 
yet  vaporised ;  the  collision  produces 
very  rapid  vibrations  in  the  air,  and  a 
hissing  noise  is  the  result. 

Q.  Why  does  hot  iron  make  a  hissing  noise, 
when  plunged  into  water  1 

A.  Because  the  hot  iron  converts  into 
steam  the  particles  of  water,  which  come 
in  immediate  contact  with  it;  and,  as 
the  steam  flies  upwards,  it  passes  by 
other  particles  of  water  not  yet  vapo- 
rised :  the  collision  produces  very  rapid 
vibrations  in  the  air,  and  a  hissing  noise 
is  the  result. 

Q.       Why  will  HOT  ir.oN  BEND  miw«  easily  than 

A.  Because  it  is  not  so  solid.  The 
particles  are  driven  further  apart  by  heat, 
and  the  attraction  of  cohesion  weakened ; 
in  consequence  of  which,  the  particles 
can  be  made  to  move  on  each  other  more 
readily. 

By  a  still  further  application  of  beat;  the  particles  wiL 
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De  dT[ven  go  fUr  asunder  fVom  each  other,  ttiat  tlic  solid 
iron  will  liquofy :  in  ivliich  state  the  particles  will  move  on 
exch  other  almost  witltoitt  resisttknce. 

Q.       Why  dees  iron  lum  fi''sl  red  avtd  then 

A.  Light  and  heat  depend  upon  vi- 
brations; the  more  rapid  ilie  vibrations, 
the  more  intense  the  light  and  heat; 
White  heat  is  a  more  intense  degree  of 
heat  than  red,  and  occurs  only  when  the 
vibrations  are  most  rapid. 

Candescence  oMurs  when  bodies  are  heat«d  to  800° 
It  bugins  with  a  dull  red  color,  passes  t«  an  orange  tiiit 
and  ukicnat«ly  Ut  a  shining  wbitu. 

The  more  per&ct  the  comlmstion  of  carbon  tho  whiter 

ProbaWy  these  varying  colors  depend  npon  some  Tariely 
in  the  thiclincss  of  the  molecules  of  the  lieated  substance, 
caused  by  the  influence  of  beat;  ivliereby  it  is  made  to 
reflect  dilferent  colors  according  to  the  varying  tliicknesa 
of  the  molecuios.  But  tbo  subject  is  not  well  understood 
at  present. 

Molecules  (jpronomice  ino -le-ciiles)  are  very  small  par- 
ticles of  matter  in  a  mass.  Atoms  have  no  regaiii  to 
aggregation. 

Q.  WTiy  does  water  fueezb  more  quickly 
than  MILK  3 

A.  Because  milk  contains  salts  in  so- 
lution ;  in  consequence  of  virhich,  it  re- 
quires a  greater  degree  of  cold  to  con- 
geal it  than  water. 

Water  freezes  at  S2°,  but  salt  and  water  will  not  fi'eezu 
unless  the  thcriooraetur  sii.ilts  below  7°. 

Q.  Why  does  hot  water  feeeze  mm-e  qaicktv 
(Afljt  coldf 

A.    Because  there  is  a  slight  agitaivm 
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on  the  surface  of  hot  water,  which  pro- 
motes congelation ;  by  assisting  tiie 
crystals  to  change  their  positions,  till  they 
take  up  that  which  is  most  favorable  to 
their  solidification. 

Cher  causes  mayhaveaminor  influence,  aa  for esample: 
In  hot  water,  the  particles  ai'e  Bubdivided  into  smaller 
globules  by  the  heat,  and  offer  less  resistance  to  the  action 
of  cold  than  larger  oaca.  2dl}'.  The  air  has  i)i:cn  expelled 
flom  the  water  by  the  process  of  boiling — lionou  the  In- 
diana always  used  boiUd  water  in  their  ice-pits. 

N.  B. — Air  must  be  excelled  from  water  before  it  can  be 

Q.  Why  will  a  Utile  oil  on.  iU  surface  of 
water  prevent  its  fiieezinc  3 

A.  Because  oil  is  a  bad  conductor, 
and  prevents  heat  from  leaving  the  wa- 
ter. 

:r  freezes,  till  the  whole  masa 

Q.  Why  does  water  in  a  very  exposed  plact 
freeze  ■more  rapidly  than  that  tehich  is  wider  cover, 
or  in  places  less  exposed  ? 

A.  1st — Because  evaporation  goes  on 
more  rapidly,  when  water  is  exposed ; 
and  carries  away  heat  from  the  general 
mass:  and 

2dly — Any  covering  will  radiate  heat 
into  the  water  below,  and  prevent  the 
mass  from  cooling  down  to  42°. 

"Radiate  heat"  means,  to  send  heat  out  in  rays, 
Q.       Why  are  glde,  uum,  st*kch.  and  paste, 
adhesive  ? 
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A.  Because  the  water  used  with 
them  vapidly  evaporates,  and  leaves  them 
solid. 

Tliey  lose  tlicir  iirlhesiveneas  when  dissolTCfl  in  water; 
and,  tlititfoTO,  iniixt  always  be  suffered  to  ljt;conio  dry, 
before  tliey  "ill  liuld  with  tenacity. 

Q.  JVhr/  does  a  rail-way  tkain  make  more 
NOISE,  when  il  passes  over  a  Bkidqb  or  meadow, 
than  when  il  mas  over  solid  guoxjnd  ? 

A.  Beciiiirfe  the  bridge  (or  meadow) 
is  veiy  elasiic,  and  vibrates  much  more 
from  llie  we'j'"':  of  the  train,  than  the 
solid  earth;  in  consequence  of  which,  it 
produces  more  definite  sound-waves. 


Q.       Why  does  milk  boil  more  quickly  than 

A.  Becnuse  less  steam  is  carried  off 
from  the  thick  liquid  (milk),  than  from 
the  i/tm  liquid  (water)  ;  in  consequence 
of  which,  tiie  lieat  of  the  whole  mass  rises 
more  quickly. 

Q.  Wky  -will  MILK  BURN  very  easily,  when 
boiled,  while  water  will  not  do  so  ? 

A.  1st — Because  milk  contains  solid 
organic  substances,  capable  of  burning-; 
which  water  does  not : — and 

2dly — Because  the  heat  of  the  tire 
coagulates  the  albu'men  of  the  milk 
id 
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which  fults  to  the  bottom,  and  adheres 
to  the  boiler. 

Albu'mcn  is  a  substance  rescmlilmg;  the  whitp  of  an  egg 
Q.       tlliy  does  wax  become  soft,  before  il  larnt 

LIQUID  ? 

A.  Because  it  absorbs  heat  sufficienl 
to  loosen  the  contact  of  its  particles, 
before  it  has  absorbed  sufficient  lo  liquefy 
the  mass. 

Q.  //■  pov.  heat  steel  hetj  hot  in  the  fire,  and 
then  flange  it  suddenly  into  cold  water,  il  becomei 
HARD  and  BRITTLE ;  tehy  is  Ikis  ? 

A,  Because  the  sudden  chill  violently 
expels  the  latent  heat,  which  would 
have  settled  in  the  steel,  had  it  been  al- 
lowed to  cool  slowly. 

The  malleability  and  toughness  of  metals  dupead  upon 
their  poivur  of  absorbing  beat. 

Q.  Why  are  the  ice-pits  of  Ltdia  lined  with 
straw  and  coarse  blanketing — stopped  up  with  stbaw 
at  the  mavih,  instead  of  a  door — artd  thjtched  on 
the  Toof  instead  of  being  covered  with  slates  or  tiles  .' 
A.  Because  straw  and  coai-se  blank- 
eting, being-  very  bad  conductors  indeed, 
prevent  the  external  heat  from  getting 
to  the  ice-pits  to  dissolve  the  ice. 

Q.  How  do  the  natives  of  India  provide  them. 
selves  wilh  ice,  when  the  temperature  is  much  highn 
ihan  the  freezing  point  ? 

A.  They  make  a  hole  in  the  earth 
about  2  feet  deep,  and  30  feet  square; 
They  cover  the  bottom  of  this  hole,  to 
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ihe  depth  of  a  foot,  with  the  stalks  of 
Indian  corn  or  sugar-canes : 

On  this  bed  they  place  fleet  ungia'zed 
earthern  pans  about  an  inch  and  a  quar- 
ter deep,  and  pour  into  them  (at  sun-sei) 
soft  water,  which  has  been  boiled  and 
suffered  to  cool.  At  sun-rise  the  water 
is  found  to  be  frozen,  and  is  thrown  into 
the  ice-pit. 

The  reason  of  this  is  :  The  vessels  being  porous,  part  of 
the  water  evaporates  through  the  pans,  and  reduces  the 
heat  of  the  water  suffioiont  fur  congelation. 

Q.  Why  is  ii  customary,  in  very  hot  ooun- 
TurES,  lo  sit  in,  tooths  separated  by  curtains,  instead 
of  walls ;  awl  to  keep  these  curtains  constantly 
sprinkled  with  water  ? 

A.  Because  curtains  are  bad  conduct- 
ors of  heat ;  and  the  rapid  evaporation 
of  water  reduces  the  temperature  of  the 
room  10  or  15  degrees. 

Q,       Why  is  it  impossible  lo  write  on  greasy 

PAPEIt  1 

A.  Because  grease  has  no  affinity  for 
water  or  ink,  and,  therefore,  will  not  mix 
with  it. 

Q,       Why  is  rain  said  lo    "  bring  dovin  the 

A.  Because  the  change  in  the  atmos- 
phere, which  causes  rain  to  fall,  spis  fret 
iaient  heat,  and  makes  it  sensible. 
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Frost  is  brolteti  up  by  the  rains ;  an'l  the  sharp,  pieroiiij 
itind,  bting  ladan  with  vapor,  is  uiutl]  niicigaltd. 

Q.  Why  does  ttiiipentine  lalie  ov,l  gueasb 
tpots  from  dolk  ? 

A.    Because  it  dissolves  fixed  oils. 

t'he  fixed  oils  are  all  greasy  oils,  sticli  aa  spi^i'm  oil,  olivo 
oil,  Slu.  Tbo  other  sort  of  oils,  callml  vidalile  or  esseniiai 
oils,  are  Uiosa  used  in  perTuraery,  &c. 

Q.       WAy  does  oxalic  acid  take  out  ink  spots  ? 
A.     Because  it  dissolves  die  taiinate  of 
iron,  of  which  the  black  puition  of  the 
ink  consists. 

"  Tamiatc  of  iron  "  is  tannic  acid  combined  with  iron. 
Tannic  acid  is  the  acid  of  Ian,  or  oal;  baili. 
Q.       W/icn  coppEK  is  exjiof.eA  to  moul  air,  it  is 
incrusled  with  a  green  coating,  called  vekdigkis  ; 
why  is  this  1 

A.  Because  the  oxyg-en  of  the  moist 
air  combines  with  the  copper,  and  forms 
what  is  called  a  hydrate  of  the  carbonate 
of  the  protoxide  of  copper. 

" Protoxide  "  (ir^urof- oxide,  tbo  loncst  or  first  stale  of 
oxidation)  :  The  protoside  of  copper  is  a  combination  of 
ane  portion  of  oxygen,  and  one  or  copper.  Hydrate  (from 
the  Orocic  word  ttJuip,  uToifr)  ia  a  com]ioiiiid  conlatnlns! 
wat«r;  but  in  all  liydrates,  the  t<u'j»taiicc  forms  ao  inti- 
mate  a  union  with  water,  aa  to  soliJify  it,  and  render  it  a 
component  part,  A  "hydrate  of  tho  cfliboiiate  of  copper," 
is  a  compound  of  water,  carbonic  acid,  and  coupcr;  and 
"A  hydiata  of  the  carbonate  of  the  protoxide  nf  copper," 
Is  copper  in  its  lowest  state  of  oxidation,  in  wljiciicarboDii: 
acid  and  ivater  ia  so  united,  as  to  forai  a  soliit, 
Q.  Why  does  zinc  tarnish  in  the  'ur? 
A.  Because  the  oxyg^en  of  the  moist 
air  combines  with  the  zinc,  and  forms  aa 
oxide  of  zinc. 

,G<,oglc 
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Au  "  oiide  of  zinc  "  ia  oxygen  in  nnioQ  with  zinc. 
Q.       Why  does  SALT  turn  silver  black  ? 

A,  Because  it  precipitates  an  oxide 
of  silver  on  the  surface  of  the  spoon,  the 
color  of  which  is  black. 

"  Marking  ink"  is  made  of  soda  and  the  nitratfi  of  sil- 
ver ;  the  black  marli  being  due  to  the  oxide,  procipitaled 
on  the  clolii. 

Q.  IIow  can  the  ai.iL.oK  ilain  of  silver,  made 
by  sa'.t,  be  removed  ? 

A.     By  washing'  the  silver  in  harts- 
horn, or  common  ammonia ;   by  which 
means,  the   oxide  will  be  re-dissolved 
and  the  blackness  entirely  disappear. 
Q,       Wliy  does  waxing  coUon,  or  thread  malce  U 

BTRONGEC  ? 

A,  Because  it  cements  the  loose  fila- 
ments to  the  cord ;  and  makes  the  strands 
of  the  thread  mote  compact. 

The  "  filaments  of  tlie  cotton."  aro  the  loose  fibres  hang- 
ing about  it.  The  "  Uraads"  are  the  tivisis  or  single  yaiDJ. 
iwisted  into  a  tl       d     Se  U  ee 

and  occasionally  n  o      ban   h  ee  s   and 

Q.  Tke  omb  of  trali  n  itk  mai  by 
BOILING  {lie  eul  f  h  ick  a  d  I  n  b  n^  it 
into  an  arch;     hy       u  s     k  mad    f  e    b  s  by 


A.  Wood  conta  s  a  y  s  I  tances 
soluble  in  hot  water,  as  starch,  sugar, 
e^um,  &c.,  and  several  other  substances- 
which  are  softened  by  il:  as,  therefore,, 
several    substances    are   dissolved,  and 
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Others  sollened  by  boiling  water,  the  stick 
is  rendered  flexible. 

Cell'ular  fibre  and  woody  matter,  when  boiled  in  water, 
become  Eoft  and  gelatinous. 

Q.      Ex'plaiv.  how  manure  maJces  land  rEF- 

A.  As  plants  extract  a  certain  amouBt 
ofsaks  from  the  soil,  whicli  ai'e  entirely 
removed  at  harvest,  it  is  obvious  that  the 
soil  will  become  gradually  impoverished, 
unless  these  matters  are  restored ;  this 
restoration  is  made  by  manuring  the 
soil. 

Q.       TVAy  IS  GUANO  valuable  as  a  stanurb  ? 

A.  Because  it  contains  nitro;;ren  and 
ammoiVia,  both  of  which  are  essential  to 
plants. 

Q.       What  is  lite  use  of  lime,  uacl,  4^.,  04 

MANURE  1 

A.  1st — They  decompose  \eg"etable 
substances;  and 

2dly — They  liberate  the  alkalies  in 
union  with  the  silica  of  the  soil. 

Silica  (jpraiwuTKe  Sil'-i-cih),  fVom  Ibo  Latin  word  Silei, 
flint — i>n«  of  tlie  most  common  subslanci's  on  tliu  earth- 
containing  the  following-  varfetles— wiiito  ciiiickystone— 
violet  anictlijTsts—redqnartz— yellow  cairngorum— Brazil 
pebbles  for  spectacle  glaases— roci:  crj-Klal — clialccdony— 
agate — blood-atones — cornelian — flin  t,  &  e. 

Q,  W%y  do  you  see  the  reftect'mn  of  two  eun- 
dks,  or  two  fires,  in  a  looking-glass  or  ■wiadotr-pane, 
though,  tliere  is  only  one  canille  or  fire  in  the  room  f 

A.    Because  each  surface  of  the  look- 


iog'-glass  or  window-pane  makes  a  rellec- 
tion. 

N.  B. — In  order  to  sco  tlicse  two  reflections,  yon  miisl 
not  stand  directly  before  tlic  glass,  but  a  little  on  one  side, 

Q.  Whj/  is  Che  SKY  BLUE  on  a  fine  day^  aiiA 
not  red  or  orange  ? 

A.  Because  llie  momentum  of  red  and 
orange  rays  (being-  greater  tlian  that  of 
blue)  causes  lliem  to  penetrate  beyond 
the  clouds ;  but  tlie  blue  rays  are  stop- 
ped on  their  passag^e,  ancl  reflected. 

Q.  TP?iy  is  il  light  witen  Im  heavens  are 
cmered  wlh  thick  clouds? 

A,  Because  the  multiplied  reflections 
of  the  sun  in  the  atmosphere  are  suffi- 
cient to  give  light  upon  the  earth,  even 
when  thick  clouds  are  passing  over  the 
disc  of  the  sun. 

Q.       W/ii; are  jiulrefyiHgnsiiLVKsmovsl  p.  2C6. 

A.  Because  tlie  carbon  of  the  fish, 
uniting  with  oxygen,  forms  carbonic  acid ; 
and  tiie  phosphoric  uckl  of  the  fish  (be- 
ing thus  deprived  of  oxygen)  is  con- 
verted into  pitospliorus  :  as  soon  as  this  is 
the  case,  the  pitosphorus  begins  to  unite 
with  the  oxygen  of  the  air,  and  becomes 
luminous. 

Carbonic  neid  is  a  compound  ofcarbon  and  oxygen. 

Phosjiliorie  add  is  ni.'om]ionndotiiliospiioi-iis  and  oxy- 
gen. If  you  take  llie  oxy^'en  away  fruiu  pliosphoiic  acid, 
the  reaiduo,  of  course,  is  phosphorus. 


SEA   LUMINOUS, 


Q.       Wh^  is  the  sea  often 
lime  ?  p.  2G6. 

A.  Because  the  small  jelly  fish  decay; 
the  phosphoric  acid  which  they  contain 
(being:  deprived  of  oxyg'en)  is  converted 
into  pliasphorus,  unites  with  the  oxygen 
of  the  air,  and  becomes  luminous. 

Q.  Whal  causes  the  disease  commonly  called 
the  iUh  ? 

A,  It  is  produced  by  an  insect  called 
the  "itch  insect,"  which  burrows  in  the 
skin,  and  is  greatly  encouraged  by  filch. 
Sulohur,  corrosive  sublimate,  &c.,  will 
de&  roy  die  insect,  and  cure  the  disease. 

Co.rosive  Kubliniatc  is  niadu  of  200  parts  of  mercuir 
with  Ti  of  chlorine.  It  ia  plain  to  sob  how  tho  disease  is 
contagious. 

Q.  Why  does  the  use  of  salt  beef  produce 
tewrvy  ? 

A.  Because  the  soluble  salts  are  re- 
moved from  the  beef  by  brine :  in  con- 
sequence of  which,  it  cannot  restore  to 
the  human  system  those  salts,  which  are 
essential  to  presei-ve  the  blood  in  a 
healthy  state. 

Q.       Why  is   LIME-JUICE   a  perfect   cujie  for 

I  CURVY  ? 

A.    Because  it  contains  the  very  salts, 


removed  from  the  beef  by  the  action  of 
Drine. 

Kamely — alkaline  phosphate — nnd  sulphate,  cblorid* 
and  phosphate  of  Jiine. 

"Alkaline  fihnspliatcsi "  are  snch  as  these — phosphate 
of  soda,  [>hos|>liato  of  potash  tini'  "hosphate  of  magnesia; 
i.  e.  Eoda,  putitsli,  or  magnesia,  tn  combiaation  with  phos- 
phoric atiil. 

"  Sulpliate  of  limo,"  a  compound  of  sulphuric  acid  and 

"Chloride  of  lime,"  a  compound  of  chlorine  gaa  and 
"  Phosphate  of  lime,"  a  compomid  of  phosphoric  acid 

Q.       TT'7iy  does  the  wse  of  vegetables  generally 

PItEVE.NT  SCURVY? 

A.  Because  they  contain  the  soluble 
salts  removed  from  tlie  beef  by  brine ; 
which  being  restored  by  the  veg-etables, 
preserve  tlie  blood  in  a  healthy  state. 

Q.       TT7.y  does  wood  decay  1 

A.  Because  the  oxygen  of  the  air 
unites  with  the  carbon  and  hydrogen  of 
the  wood,  and  forms  carbonic  acid  and 
water. 

Q.  TV/ien  mine  is  spilt  on  a  taele-cloth, 
napkin,  or   handkerchief,    how    can   the  stain  be 

KEMOVED  ? 

A.  By  dipping  it  in  a  weak  solution 
of  chlorine. 

Bleaching lio"''!'^'"  'S  only  limo  impregnated  ivith  chlo- 
Q.       When.  WINE  is  sinll  on  a.  tahle-clotk,  Sfc, 
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why  do  persons  geMTally  cover  ilte  part  i\ 

A.  Because  salt  is  a  compound  of 
chlorine  and  sodium ;  and  the  chlorine  of 
the  salts  acts  as  a  bleaching  powder. 

Q.  When  infectious  diseases  prevail,  how 
can  the  contagious  mailer  he  removed  from  beil-roams^ 
hospitals,  houses,  ^c.  ? 

A.  By  using  a  solution  of  chlorine,  or 
of  sulphurous  acid  ;  which  will  not  only 
remove  the  contagious  matter,  but  also 
the  offensive  smell  of  a  sick  room. 

Q.  What  is  an  excelteni  remedy  against  rats 
and  racE  ? 

A,  Sulphuretted  hydrogen.  All  that 
is  necessary  is  to  introduce  the  beak  of  a 
retoi't  into  a  rat-hole,  while  sulphuretted 
hydrogen  is  being  given  oif. 

It  will  destroy  the  rats  and  make  the  liolo  unSt  for 
others  to  froqaunt. 

Suiphnrelted  kydra^en  is  made  thus.  Put  into  a  retort 
or  glass  bottle  a  qoamity  of  sutphiirctof  iron,  promrcdby 
keaUtig  a  TPd  of  irim  r^  Aot !  bung  it  In  contact  with  a  roll 
of  sul[)huc— allow  the  sulphurct  of  iron  fomicd  to  drop 
into  water;  pour  over  it  a  small  portion  of  water,  and 
then  add  an  cqiial  quantity  of  snlpliuric  add ;  sulphuretted 
hjdiogdn  i»ill  he  given  off  Diost  oojiioualy. 
Q,  Why  does  gunpowder  exp-,ode? 
A,  Because  of  the  instantaneous  pro- 
duction and  expansion  of  carbonic  acid, 
sulphurous  ,acid,  and  nitrogen. 

Gnnpowder  consists  of  7G  parts  of  nilro,  13  cIutfCoaL 
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Q.  An  objed  in  the  shade  is  not  so  brigltt 
*nd  apparent,  as  an  object  in  the  swn ;  why  %%  it 
not? 

A.  Because  objects  in  the  shade  are 
seen  by  reflected  light  reflected,  i.  e.  the 
light  is  twice  reflected :  and,  as  the  rays 
of  light  are  always  absorbed  in  some 
measure  by  every  substance  on  which 
they  fall,  therefore,  some  hght  is  lost ; 
1st — Before  tlie  seco/w/ reflection  is  made, 
and  2dly — In  the  object  that  maJces  the 
second  reflection: 

Part  of  tho  rajjs  arc  absorbed,  and  part  are  scattered  in 
all  directions  by  irregular  reductions ;  so  that  rarely  more 
tban  Aal/'is  reflected,  even  front  the  most  polished  metals. 

Q.  Why  are  green  qooseberrieb,  currants, 
<^.,  iiARD ;  and  KiPE  ones  soft  1 

A.  Because  they  contain  an  infinite 
number  of  tittle  cells,  with  thick  walls; 
these  become  thinner  from  day  to  day, 
as  the  ffuit  ripens,  until  they  break ;  when 
the  fruit  becomes  soft. 

Q.       Why  is  PORTER  much  dahker  than  ale  or 

A.  Because  the  malt  of  which  porter 
is  made  is  dried  at  a  higher  temperature 
and  slightly  dtarred. 

Small  beer  h  a  weak  wort  fermented,  and  contains  1| 
per  cent,  of  alcobal. 
Ale  is  n  stronger  wort,  and  contains  7  per  cent,  of  alcohoL 
Porta-  contains  41  per  cent,  of  alcohol. 
Brrnrrn,  sioui  contains  61  per  cent,  of  alcohol. 
Bnrbm  ak  coataios  8i  per  cent,  of  alcohcL 
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Q.  If  WINE  or  BEER  b?.  imfirfeclly  corked,  leAj 
does  it  rapidly  turn  sour  ? 

A.  Because  air  g-ets  into  the  liquor; 
and  llie  oxygen  of  Ihe  air,  combining 
witli  tile  alcohol  of  the  liquor,  produces 
ace'tic  acid. 

Q.  Why  does  pyrdigneows  acid  prcseuve 
MEAT  and  remove  its  taint  ? 

(Pyrol igneous  acid,  ia  Tincgar  estractcil  fi^iui  wood.) 

A.  Because  it  contains  a  small  quan- 
tity of  creasote,  which  is  a  g'reat  preser- 
vative of  all  animal  substances. 

Creasote,  pnmmtnce  Cre-a-sotc  (from  two  Greek  words, 
rftiis,Jlcs&,  and  ouju,  7sisi-e),  ancxti'aet  from  tUooilortar, 
and  a  powerful  aniiseptia 

Q.       TKAi/  are    hams    preserved    by    bmokino 

A.  Because  the  smoke  of  a  wood  fire 
contains  creasote,  which  is  a  great  pre- 
servative of  all  animal  substances 

Q.      Is  TEA  a  NOrniTious  beverage  ? 

A.  Yes;  the  teVleaf  contains  the 
largest  amount  of  nutritive  matter  of  any 
plant  used  as  human  food  ;  though  only 
a  portion  is  extracted  by  our  common 
method  of  making  tea.  When  soda  ia 
added,  the  casein  of  the  leaves  is  dissolved, 
and  the  .nutritive  quality  of  the  tea  ia 
much  increased, 

ii..i.t.,  Google 
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Casein  /irciKiuncc  Coa'-e-in,  from  the  Latin  ironj  casens, 
c&ccse;  becanso  choese  consists  chiefly  of  Ihe  casein  of 
niillt.  It  is  (bund  in  many  vi-grtaljlo  snbstancus,  as  peas, 
beans,  Icniils,  &c.,  and  is  the  same  as  tlio  substance  called 
Icgu'mino. 

Q.  How  do  Ihe  Tartar  tribes  make  a  most 
nulrilious  faod  from  tea  ? 

A.  Tliey  boil  the  leaves  with  soda, 
and  eat  them  witli  salt  and  butter. 

Q.  Soap  is  made  of  oU  or  fat.  How  is  it 
that  oil  and  ftl  raake  water  greasy,  whereaa  soap 
destroys  /grease  ? 

A.  Oil  contains  two  parts;  the  solid 
part  called  slearlne,  and  the  liquid  part 
called  oleine. 

Stearine  of  oil  is  not  soluble  in  water ; 
but  when  soda  or  potash  is  boiled  with 
it,  the  oily  principle  flies  off",  and  the 
stearine  is  converted  into  an  oxide  of 
potassium,  which  is  quite  soluble  in  wa- 
ter. 

Stearine  [pronovmce  Ste'-a-rinc),  from  tho  Greek  word 
fT»p,  suet ;  Ihu  add  of  slt^a^ine  unites  witii  i.ho  soda  or 
potash,  and  the  oily  principle  called  glycerbiu  fiiea  olF. 

Oxide  of  potassium  is  the  Aindamental  part  of  potash;  it 
is  trhat  cliemisls  call  a  metallic  oxide. 

Q.  What  is  the  difference  in  composition,  between 
HARD  soap  and  soft  soap  I 

A.     The  hard  soaps  are  made  of  soda, 
and  the  soft  soaps  are  made  of  potash. 
Q.       Why  is  sorrel  sour  ? 
A.     Because  it  contains  oxalic  acid. 

Oxalic,  from  the  Greek  word  ofoXit,  sorrel.  Oxalic  acid 
If  sometimea  erroneously  called  "saitefUmmvs." 
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Q.       WXji  art  unripe  appleSj  qoosebekrie^ 

ajld  imUBARD,  SOUR. 

A.    Because  they  contain  maiic  acid, 

Ma'lic,  from  the  Latin  word  malum,  an  apple. 

Q.  Why  are  tamarinds  and  uwripe  crapbb 
sour? 

A.  Because  they  contain  tartaric 
acid. 

Tariaric  acid  is  the  acid  of  tartar.  Tartar  is  a  auljstance 
depositcrt  Ijy  ivine;  adhoring,  like  a  hard  crust,  to  the 
sides  of  the  easlts. 

Q,       Why  does  tanning  hides  convert  them  into 

LEATHER  ? 

A.  Because  oak  bark  contains  tannic 
acid;  and,  on  evaporation,  this  acid  pre- 
cipitates a  solution  of  glue  upon  the 
hides,  which  converts  them  into  leather. 

Q.       TFSy  are  citrons,  limes,  lemons,  and  unripe 

ORANGES,  SOUR  1 

A.     Because  they  contain  citric  acid. 

Citric,  from  the  Latin  word  citrus,  a  Isrrufa  or  citron. 
Q.       JVhy  is  viNEGAK  SOUR  ? 
A.     Because  it  contains  ace'tic  acid. 

Ace'tic,  from  the  Saxon  word  leced,  vinegar;  whence 
also  acid,  i.  e.  like  viiicgar. 

Q.      Why  do  old  wiNi  CASKS  smell  offen- 

A.  Because  -wine  (and  whiskey)  con- 
lain  an  acid  called  cenanlhic  acid  ;  which 

unites  with  the  alcohol  cf  the  wine,  and 
forms  a  salt  of  an  offens'^-e  smell. 

.oogic 
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This  salt  is  called  the  osnanthate  of  etiiyle,  i.  e.  tha 
winey  acitl  of  ctber. 

(Enantiiste,  from  tha  Qroo!:  word  mrat,  wine;  and 
"  etlijle,"  from  the  two  Oreck  words,  aifljtc  tX>i,  tlie  basis 
or  fundomcntiil  priociple  of  utiiur. 

Q.  When  a  candle  is  blown  out.  whence 
arises  Ihe  offensive  odor  ? 

A.  The  tallow  dislills  asubstance  in 
the  smoke,  called  acryle,  which  has  a 
very  offensive  smell. 


Q.       What  causes  the  decay  cf  teeth  ? 

A.  After  the  enamel  is  worn  off,  the 
dentine  or  ivory  of  the  tooth  is  left  bare  : 
This  dentine  or  ivory  is  full  of  little  tubes, 
filled  with  lime  ;  Now,  the  acids  of  saliva, 
mucus,  and  food,  dissolve. this  lime,  and 
fill  the  tubes  with  foreign  matters  ;  after 
which,  the  tubes  dissolve  or  crumble 
away,  leave  the  nerve  exposed,  and  the 
pain  of  tooth-ache  ensues. 

Dentine  (fiom  the  Latin  word  dons,  a  loolk)  is  the  main 
part  of  tlie  tooth. 

Q,       Why  does  (;reasote  cuke  tooth-ache  ? 

A.  Creasote  acts  as  a  causdc,  and 
burns  away  the  mortifted  bone,  or  ulcer 
formed  upon  it,  which  produced  the 
pain. 

Tooth-ache  arises  fi-om  numerous  causes,  as  cold, 
stomach,  caries,  or  decay,  &c.  Creosote  is  a  remedy  foi 
tooth-aoliii  only  when  the  pain  arises  from  caries. 
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Ca  -ri-cs  is  a  Latin  woi-(l  ivliicli  signjfloa,  mortiBcation  ot 
aJcur  of  the  bone. 

Q.       Whal  is  Indian  rubber  ? 

A.  The  oil  or  resin  from  various 
species  of  ficus,  oxidised  in  contact  with 
air. 

"  Fi'-cus,"  tlie  flg-tribe. 

Q.       IVhat  is  gulta  percka  ? 

A.  The  oil  or  resin  of  a  tree  whicli 
grows  in  Malacca  (Asia),  called  Isonan- 
dra  g"uUa,  oxidised  in  contact  with  air. 

Q.  WTiat  wines  contain  the  host  spirit,  and 
what  the  least  ? 

A.  CiUimpagne  is  one  of  the  weakest 
wines,  then  /wc/c,  then  claret,  then  slierry, 
and  prnt  is  one  of  the  most  potent. 
Four  g'lasses  of  port  being  nearly  equal 
to  five  glasses  of  sherry. 

CliampasTie  contains  abont  12  per  cent,  of  alcohol. 
Hock  ■■       "  13 

Claret  "       "  16 

Port  "       ■'  231 

Q,  What  is  ike  origin  of  the  term  peoof 
spirit  ? 

A.  It  is  derived  from  the  old  method 
of  testing  spirit,  which  was  thus :  the 
spii'it  to  be  tested  was  poured  over  gun- 
powder, and  ig-nited  ;  if  the  powder  ex- 
ploded, the  spirit  was  said  to  be  above 
pjvqf;  if  it  did  not  explode,  it  was  said 
to  be  betow  proof. 

I  .i.t.,  Google 
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Q.  W/ial  do  toe.  mean,  at  Ike  present  day,  by 
spirit  abotie  and  below  proof  ? 

A.  If  we  say  that  spirit  is  10  over 
proof,  we  mean  this — tiiat  ]  00  gallons  of 
it  will  require  10  gallons  of  loater  to  re- 
duce the  spirit  to  proof  strength.  So  on 
the  converse,  if  we  say  that  spirit  is  10 
under  proof,  we  mean  that  \Q  gallons  of 
water  must  be  taken  from  the  spirit  to 
raise  it  to  proof  strength. 

Proof  spirit  has  .91833  epecific  gravity;  the  strength  of 
Bpiritis  now  tested  byaniostmmeQt  called anhydroni'eter. 

Q.      How  is  STEEL  made  from  laon  ? 

A.  The  iron  is  surrounded  with  char- 
coal, and  placed  for  six  or  ei»ht  days  in  a 
furnace,  intensely  heated ;  the  carbon 
unites  with  the  iron,  and  forms  what  is 
called  "carburet  of  iron"  (or  steel). 

Q.       What  is  meant  by  "  shrar  steel  3" 

A.  Steel  used  for  making  shears,  for 
dressing  woollen  cloth :  Shear  steel  is 
broken  and  welded  frequently. 

IVoliIed,  i.  e.  himmerod  together  again. 
Q.  What  is  common  marking  iWK  1 
A.  There  are  generally  f(oo  bottles — 
one  containing  a  solution  of  the  carbon- 
ate of  soda :  and  another  containing  a 
solution  of  nitrate  of  silver.  The  cloth 
is  first  moistened  with  the  carbonate  of 
soda,  dried,  and  then  written  on  with  a 
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pen  dipped  in  the  nitrate  of  silver.     Ag 
oxide  of  silver  is  thus  precipitated,  and 
leaves  a  black  mark  behind. 
Q.       TVkiU  is  jeweller's  gold  J 

A.  An  alloy  of  g-old  and  copper  with 
silver— this  g'old  is  liable  to  tarnish,  but 
its  brilliancy  can  easily  be  restored,  by 
immersing  the  metal  iu  ammonia, 

Q.         IIOV)  is  IRON  GALVANIZED  ? 

A.  By  plunging"  it  into  melted  zinc ; 
when  an  alloy  is  formed  on  tlae  surface, 
which  prevents  oxidation. 

Q,       Wkal  is  the  difference  between  lead  ajtd 

SOLUEE  3 

A.     Solder  is  a  mixtare  of  lead  and 


Q.       IVkaC  is  T'^^ITE  lead,  used  foi  paint  ? 

A.  It  is  prepared  by  placing  sheets 
of  lead  over  earthen  pots,  which  contain 
weak  acetic  acid,  and  stand  upon  tan  or 
dung.  The  lead,  being  corroded  with 
the  acid,  unites  with  the  carbon  and 
oxygen  evolved  from  the  dung. 

Q.       TKAaiisrEWTEit! 

A.  An  alloy  of  lead  (or  bismuth)  and 
tin. 

la  the  ftiUowiDg  proportions  t  1  part  lead  and  20  pirti 
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Q,         m<li  is  BLOCK  TIN  t 

A,  Tin  purified  by  heat,  and  iim  into 
moulds,  wliich  fonn  blocks  of  great 
size. 

Some  3  cwt.,  and  some  even  more. 

Q.  ITou>  is  the  green  fire  ofjinworh  pT» 
diicsd  ? 

A.  By  the  nitrate  of  bary'tes,  which 
burns  with  a  green  hue. 

(BarytoH,  prnnminjx  ba-Tij'-Us)  an  eiHh  BO  called  ftom  a 
Greek  ivodl  ivliieli  signiflea  hsany,  {Sifv!.')  It  is  mada 
thus;  100  jKii'ls  or  nitrate  of  bary'tes  well  diiod,-8  of  sul-^ 
phur,  7  of  clilorate  of  potash,  2  charcoal.  4  sulpliuret  of 
antimony,  all  ivcl!  dL'ied  and  mixed  in  a  mortarl 

Q.  IIov)  is  the  hed  fire  of  fireworks  pro- 
duced ? 

A.  By  ilietnlraCe  of  strontian,  which 
burns  witb  a  red  hue. 

(Stron'tian  ia  an  earth,  so  called  from  a  village  in 
Argyloaliim  of  llio  same  name,  ivhero  it  ivas  llntt  di:i- 
oovered.)  It  is  made  thus;  100  parts  of  dry  nitrate  of 
stron'tian,  miscd  with  12  parts  of  chlorate  of  potash,  30 
lulplinr,  10  auliiharel  of  antimony,  anil  3  charoial  ill 
dried  and  niJjbsd  cartpdlv  In  a  mortar. 

N.  B. — Unless  caro  be  taken  the  mixture  will  ezpl>)e. 
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ANTIDOTES  FOR  POISONS. 

Q.  IJ  a  person  has  swalloircd  a  minerai 
poison,  such  as  ar.3enic,  leluzt  is  the  best  a?uidole  T 

A.  A  tcu-spooiiftd  of  sulphur — or  half 
a  tea-spoonful  of  pearl-ash — or  a  tcine' 
glass  of  soap-suds : 

After  a  little  while,  give  a  table-spoon- 
ful of  antimonial  wine,  and  plenty  of 
warm  water. 

Q.  If  a  person  has  swallowed  a  vegetable 
poison,  such  as  sulphuric  acid,  aqua-fohtis,  or 
OXALIC  ACID,  Khat  IS  the  best  antidote  ? 

A.  Lime,  chalk,  pearl-ash,  magnesia, 
carbonate  of  soda,  or  soap-suds,  and  a 
plenty  of  warm  water;  a  dessert-spoonful 
of  antimonial  wine  should  be  added,  if 
at  hand. 


Q,  If  LAUDANUM  has  been  taken,  ■what  is  Ike 
best  antidote  ? 

A.  A  tea-Spoonful  of  common  irnis- 
tard ;   and  to  keep  the  patient  walking^. 

Q.  Jf  CHLOKiNE  Aim  been  taken,  what  is  the 
best  antidote  ? 

A.  Ammonia,  which  will  neutrahze 
the  iil  effects  of  chlorine. 

Q,  If  IODINE  has  been  ta'ipit  in  ton  large  a 
quantity,  what  is  the  best  antidote  1 
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A.  Iron-fdings  are  the  best  antidote 
for  an  over-ciose  of  iodine. 

Q.  If  a  person  fids  faint  from  the  famei  cf 
pROssic  ACID,  whal  is  the  best  antidote  ? 

A.  To  'smell  the  vapors  of  strong  am" 
monia,  which  will  soon  restore  con- 
sciousness, 

Q,      How  can  warts,  i^c,  be  removed  ? 

A,  By  rubbing  them  with  common 
solid  potash. 

Q.       What  is  the  best  antidote  to  verdigris  I 

A.     Sugar,  or  while  of  egg. 

Q.       Whal  is  ike  best  antidote  to  corkobivb 


A.  White  of  egg,  or  milk  ;  which  will 
combine  with  them,  and  neutralize  their 
poisonous  qualities. 

Q.  If  a  'person  has  eaten  too  much  pruit,  what 
is  the  best  anliilole  .' 

A.  Lime,  challr,  pearl-ash,  magnesia, 
carbonate  of  soda,  or  soap-suds. 

Great  relief  is  oflen  found  bj  eating  tlie  Imril  part  of 
cheeae  (cut  cIosh  to  the  rlnd)  thickly  covured  with  uoat- 
moaaili;  thi:  reasoa  is  plain. 
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GLOSSARY. 


yuric 

SiUfAiirk  " 
SiUjiLo/Atnm 


Nitrate  of  PolasX 

Silver 

Pmssiale  of  Polasi  " 

Tarl,    ■     "■  ■     ■     ■■ 


.4po 


A-xtnle  nf'Cop; 
Mill  inleaf  Soda       " 
Oxiile  ofij^ad 
Carb.  of  Amiaenia 

Sap.  Acelah  a/"  Lead 


Distilled  Vine^r. 
Jui^  of  Ltinons, 

Salt  of  Li.-)iioD3. 
on  tf  Vitriol. 

Piastor  ni  Paris. 
Green  Co|>{>cra3. 
Bliio  Vitriol. 
B|isom  Suits, 
Glauber  SalM. 
Wliite  Vitriol. 
Saltpetre. 
Luaar  Caustic. 
Pniasian  llliie. 

ROClLL-lll!  Salt. 

Vcriligris. 

Table  Suit 

O  ul     1 

8      II       Stilts. 

Ch  Ik     I    btc,&a 

S  I  Lutd. 


Si;Bi.iMAi'>:a  are  chemical  prop  rat  tho  basis  of 

wliich  is  qiiiukailver.      la  mates,  tha 

qaicksilver  is  extinjptished    ith      by     t     1  t  otter's  day, 
or  some  otlier  Ingredient. 

SuBLiMiTioN  is  a  Bimllar  process  Ur  (list illation;  only 
mlijls  (such  as  metals)  are  employed,  insitc.iil  of  liijnids. 

Thus  the  fine  blue  used  by  painters  is  a  sublimate,  and 
madotlius:— Take2  jiarts  of  quicksilver,  3  Huiverol' brim- 
stone, 8  sal  ftltimoniac;  and  (having  graiirtd  them)  put 
them  with  the  ijuicksilrer  into  a  glass  I'eti'i't,  luted  at  the 
bottom:  place  the  retort  In  a  sand-heat;  and  (when  the 
moisture  Is  given  off)  you  will  have  a  siileadid  blue  sub- 
limate for  painting. 

H.  B.  It  may  bo  pi 
when  the  teimination  "oua" 
Bubslance  haa  less  oxygen  than  when  the  teiiii 
Is  added— tiins,  sulphurona  acid  contains  lesa 
sulphuric  acid,  tc 


b.  Google 


INDEX, 


AjaoRBiiits 173 

not  conitiicWrs  173 
not  reHL'clors.  179 
rodiatoi's 1S2 

ABaORPTlONOfJIKAT   ..    173 

not  conduction  173 
oflight 339 

AcCIDENTAr.    COLORS  ..    876 

Acetate  of  CD))por  .■■•  4&1 

Acetic  acid  464 
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on  land  colder  than 

on  water 207 

on  land  coid  at  night  211 
preserved  normal .. .  224 
purified  by  lightoing    82 
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Aisles  ftmousforechoes  884 

colder  than  galienes  229 
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Beakers  bi'ulieii  by  liot 
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Beds  damp 149 
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flat 255 
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Lotlling 248 
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beat 107,  24ff 

Btalo 255 

sourfd  by  lightujng   33 

spoiled  if  llie  vent- 
peg  lie  lea  out  255 


Beer,   yeast   added  to 

make  it  work 251 

{see  veiU  peg.) 

Beer-vats  dangerous  ..  2i5 

Bella  beard  ata  distance  380 

craclicd,  sound  harsti  378 

ringing  dangerous  ..     23 

silenced  by  a  touch  378 

Bell-metal S7S 

Bellows 55 

Bible  explained..  1G4,  195 
311 
Birds  covered  with  fea- 
thers    165 

Bins  purified  by  lime  250 

cioth  warm 174 

cyea 179 

flass  for  spectacles  37G 
at  tiirn.1  red  at  the 

sea-side 321 

hole  of  Calcutta  ..  240 

Black  kid  glo;-e» 176 

lead 2*2 

prevents  rust  . .  232 

mist 137 

Bkin 178 

tea-pot 18i 

used  by  colters  184 
Ect  on  a  liob  (o 

draw 184 

wlllneverblister..  178 
Blacksmiths  strike  fire 

by  niLils 95 

Bladders   inflated   by 

heat  ...., 102,  269 

Bi.*zE:  blue 50 

groen 60 

yellow GO 

betiveen  the  bars 

of  a  grate 50 

Blazing   coals   burn 

quickly 44 

Blood 2-22,238 


!X.  457 

Blocd.red 222,238 

Blowers 70 

Blowing  cools  broth,  tea, 

&c 168,293 

Blue 4&4 

sky 126 

spectacles 875 

sublimate 464 

Body.fuel  of 86 

warm 84,258 

B  oiler, 'jee  saucepan. 

BOLLINQ 21S 

"    wtTEE  bubWea..  Ill 

ftirrof 238 

makes  it  flat..  257 
is  in  a  Ibrment  214 

kept  hot 187 

rattles 112 

runsover Ill 

swells 110 

one  pot  will  not  boil 

in  another 113 

retarded  by  a  spoon  113 
"    bysalt,augar  114 
without  touching 

the  boiler 114 

Boiling  point 115 

Boots  hot  when  dusty  181 

Bottled  ale,  &e 248 

Brackish  water  unfit  for 

railway  engines 237 

Bracing  weather 140 

Bread  heavy .'. ..  258 

made  with  yeast  257 

Breath  exhaled 223 

inhaled 221 

Tiaible  in  winter  200 
Breathing  described..  234 
difiicult  on  a  moun- 
tain  229 

previous  to  a  storm  229 
Breeze    at    watering 

places 29! 


Breeze,  mommg 2(49 

of  islaiida 231 

lo" 7(. 

soa 290,291 

ttnds  upwards    77 

spL'oaof 293 

yellow 76 

(secwiml.) 

Candles,  gas  of....  84,262 

Brioka  for  cold  feet...  1G2 

held  at  a  door  270,  271 

Brickstoves 163 

hottest   above   the 

Brcklajeracl  not    ok 

fiano                      78 

nafost           334 

e   olgU                 76 

corer    o  1   n  th 

make  gla  s  damp    78 

St  a                    384 

need  snuffing;           80 

Brghtday  sti  larat  ng  137 

Palmer's                     80 

B   IUdcv                        339 

pre  ent  0  r  set    g 

B  me  r  (ards  Lio  1  os      114 

«l)roiii                  363 

tc  IcI                   335 

refleclcit  man 

B   (anclo   ly                 1  3 

dov                       o52 

B  othcool-dbvb    a  li  2  7 

rek  ndle  qu  ckly        55 

by  con    c  on  2  8 

n  sh  ca&  Ij  go  out    78 

bV  St        „       •>■  8 

Blalow  cast  by       362 

Bubbles  ntci                 087 

smoke  of                   81 

ofbol    „     ater  111 

s|    t                          14Q 

B  Ik  for  bulk               107 

6udd  nl)  ntrod  ctd 

B    ns  cured                     148 

g   e  1 1  n              839 

B    It  at  ck  t     sted       374 

wax  ne  d  no  snuf 

Bum  Qg  glasses                10 

fit)"-                         80 

Candleat  ek  rags  catd 

Calc  tto  black  hole  of  "40 

fire  spontaneously        61 

Cilcar  ous                       225 

Cannon  balls  hot             101 

Calor  c                                9 

bor  ng                   100 

Cambnc  handl  orch  eft 

Canvass  flo   cr  a  vo  ni>-  191 

cool                         1  " 

Capllaryattncton    6  172 

ramphor  ant  sep  c         88J 

C   NDL   s                                     74 

bum                          74 

Capta  n  Boss                   881 

cotton   not  eas  ly 

Capuch  a                         31T 

bio  -nont                8 

Ca  l)on                        40  74 

eas  ly  blown  out  65  77 

!n  tl  0  lilooi!          238 

est  ngfl   h  d                9 

Carbonat    of  aran  on  a  464 

by  a  1  n                  81 

of  I  me          454 

breath             77 

paper                9 

absorbed  by  leaves  225 

flame  blown  out        5>> 

accnn  ulat  on  of 

page 
Carbonic  icid  gas  dia- 
aipitedby  fedheat  3i6 
in  hiiii;i!i.n  bodies..     84 

oftlicjsoil — 

sourcuaof 

CaBBU BETTED  HVDHOaJ 

Carpenters'  tools  liot. 

Can«!ts  warm 

CaiTiage  in  a  storm , 
wheels  catctt  Hi 
windows  misty.  197 

Casks  chari-ed ""' 

Cart-greaae 

Catlitidi'al  aisles  famons 

for  echoes 

Cipa  in  ivut  weather..  140 
prowl  by  night ...  842 
rub  thoir  cars  ....  143 
see  in  tlie  dark . . .  &11 
wink  before  a  fire  842 
Cattle  low  in  wet  wea- 

.  140 


ther. . 


Caustic  lime gilO 

hmar 454 

Caverns  feioed  for  ech- 
oes   385 

Ceilings  sooty 71 

CeUavs  cold  in  summer  231 
warm  in  wiuter  231 

Cerebellum 331 

Cerebrum 391 

Chalk- 464 

Cbampagne  acid 248 

Chabcom 72 

bad  conductor ISO 

fire  very  hot .....     72 

"deleterious 345 

purifles  ivater  ....     72 
removes  taint ....    72 

Charring  broad 73 

casks 72 


Chemic*!,  action 36 

Chestnuts  crack  when 

rousted 102 

notifsllt 103 

Chimneypots 70 

flues  long 64 

"  short 64 

raised  aliove  a 
house ...  64,  68 

CaiMHI!VS   SMOAK 63 

close 63 

remedy 64 

in  old  farm  houses  69 

valleys 67 

in  wind....  70,108 
if  too-long..  64,108 
Chimneys  smoke  if  too 

short 64 

remedy 66 

largti 69 

remedy 70 

when  the  draught 

is  slack 65,69 

when  thedoorisoQ 
the  same  side  . ,     OS 

remedy 88 

when  they  need  re- 
pairing      69 

sweeping 69 

when  two  fires  are 
lo  one  room....    67 

remedy 07 

China  broken  by  hot 

water 120 

Chlorophyll 8?2 

Choke  damp 244,201 

Church  bells  heard  at  a 

distance    139,  880 
congregation  drowsy  241 
Churchyards  smeli  offen- 
sively   2G4 

Chyle 221 

Chyme 221 


t;o,>jlc 


Cinders,  iron 48 

Cloudi    dislanco  from 

liglitor  than  coals     48 

Cb^  tirth               12a 

soon  heated 48 

edges  must   Imni 

will  not  blane....     53 

nous                      308. 

Ulrro-cuniuUis   clouds     30 

electrical                  12& 

Cirro-stratus  clouds. . .     30 

fall  m  rainy  wob 

Cirraa  clonds 28 

ther                      816 

Citiaeiis  pale 222 

l^nlastic  ISl 
float                          123 

CitricacM 61 

City  air  unhealthy 242 

gathur  ronnd  lulls  1% 
Wilt  of            12  124 

Clay  for  furnaces  ....  163 

Clean  Itettles 174 

highest                     124 

Cleanliness  connected 

highest  ma  fine  day  115 

with  the  dietary    98 

mcreased  by  wmd  168 

poverty 03 

mtcrmediate            130 

Clear  day  overcast ....  285 

light                         115 

fire'buina  slowly..  44 

lowest                      124 

nights     exLi]ara^ 
Tng 137 

morning  rtd            127 

motion  of                127 

Clocks  heard  at  a  dis- 

nimbus                    131 

tance 880 

rtim  Indicated  by     131 

red                    120  863 

Cloth  collects  but  little 

round     mountain 

dew 1-13 

tops                      182 

Clothes  gather  damp  in 

simple                      128 

smiimer 195 

Ei?o  of                      124 

wet 148 

stmtus                      129 

Clothing  for  workmen  164 

snn  set                      133 

looso, warmest....  ICO 

thickness  of             124 

promotes  warmth   164 

how  ascertained  124 

want  of  makes  dirt 

thunder                    15 

agreeable 93 

van  In  sliapc          124 

Cloudiest  counti'ies  .. .  123 

Ci-ouDs 132 

where  most  abund 

absorbed  by  wind  125 

ant                        123 

cause  of 122 

where  least              123 

drro-cumulus  —  130 

use  of                       132 

cirro-stratus 130 

iclocitrof               294 

classesof 128 

wind  affi-cts  them 

color  of 124,120 

12  J  125 

yellow              133   184 

cumnlo-stratus...  181 

indicate  rnt             134 

cumulns 120 

Cloudj  night  «arm         189 

dlfTer  from  fog  122, 209 

opiiressiVL         13T 

dissipated  ...  125,  133 

Coal  gas                     74  Ji2 

Coalmine"  eiplode.,.  2lil 

CoKls  black 371 

blading 44 

groOisijuefisiireaof  46 

forfud 48 

smuke 45 

Coffee,       sponlaneoua 
combustion  of....    61 

Coke 59 

for  fuul 48 

bvistionof CO 

Cold  We.thkei  affiicts 
the      barometer 

299,309 
ma,kc3  lis  love  fat    89 

aclivlty 90 

ont  of  doors 293 

promolcs  liiingor  .     00 
Colder  aomi:  things  than 

others :  165 

Colils  from  wet  clothes  149 

Collapsing lOi,  269 

Color  of  clourts Vii 

electricity  ...     35 

Colors 861 

accidental 375 

light,  cold 175 

Tary 370 

Combining  not  mixing  SI 

Combustion  (seefire)..  83 

animal 84 

causeof 43 

cliomlaljy of...  40,43 

from  furraontation  60 

elementsof 43 

boat  of 40 

increasetl  by  wind  55 

in  the  veins 81 

produceslight...,  51 
Bpontaneoua  ...  60,  81 

CoMMUKICATrON  OP  HEiT 


Compound  elouds  . 


.   130 


EK.  461 

CoNI'Hf.SSIOS     "iSo 

diffets    from   con- 
densation ....  J.     91 

CONDENSATIOS 99 

Condensed  air 259 

CONDUCTIO.»* 55 

notabsorption..  173 

CoNDtrcTOBs,  bust 56 

worst 56 

animal  fluids...    20 
not  abaorlicrs  .,  173 

of  lightning 27 

dangerous 29 

Convection 202,213 

Convectivu  currents  226, 270 

coo!  broth 228 

iron 227 

Cooking   vcs.st(s   witli 

woodon  handles  ....   158 
Cooper     applies     hot 

hoops 117 

Co])per  for  conductors      28 

sonorous 378 

tarnishes  ....,.,  233 
Cork  drivenoiit  by  heat  108 

Cornea 360 

IS  acho  in  ivet  wea- 

er 230 

Corpse  cold 94 

Corrosivesublimatcs,,  896 

Cotton  bales  cntcii  fire     60 

BpontancDiisly.  60 

candles  hard  to 

blovout  ....     78 

handkerchiefs  hot    172 

oiled  Iransparent .  873 

Countries  moat  cloudy   123 

least  cloudy  123 

Country  air  aaluhrlotis 

22.'!,  242 
Countrymen         ei^oy 

health 243 

ruddy 223 

Cowls 67,108 


Crowds  dangerous  in  a 

storm 24 

produce  droiTsiness  242 
huad-a«lio  .  230 

Titiateair 230 

unhuaithy 240 

Crucibles  made  of  pla- 

tJBum 236 

Culinary  vessels 186 

have  wooden  handles  150 
should  be  sooiy  • .  ■  ■   183 
Cultivation     promotes 

dew 194 

warmth   ...  152 
Cuniulo-stratiia  clouds   131 

Cumulus  clouds 129 

Capinapie 116 

use  of 117 

why  f^iU  of  julee  117 
Currents  of  air 270 

Damp  balusters 200 

beds 149 

clothes 1D5 

house 200 

Dandelion      forebodes 
rain 142 

D*KGER  IN  A  STORM  ...        18 

in  attics  nnd  celiars  22 

a  crowd 25 

in  a  theatre, Ac...  25 

beforuafiro 25 

near  a  tree 19 

inariror 10 

flocks  and  herds  are 

exposed  lo 25 

those     who     bar 

shutters 24 

those    who    ddve 

Cist 21 

lean  against  a 

wall 23 

or  carriage .  26 

who  ring  bells  19, 23 


Dark  colors  warm 17S 

radiate  heat  ..  183 

Davy,  Sir  H 263 

Day  •  light      produces 

hunger  ....     88 
mitigates  cold    88 

Dead  bodies  cold 94 

smuli 266 

taller  than  living  890 

Deafticss 382 

Decanting  liqaor 263 

Kliirting.,  266 

Decomposition 246 

Deep     water     freezes 

slowly 331 

Depression  of  spirits  ..   137 
Descent  In  adiving  hell 

painl\il 138 

Deserts  hot  and  dawllog  874 
Detonating  powder  ...   101 

Dew 188 

eanseof 209 

deleterious 203 

differs  fi'om  rain..  200 
distilled  after  a  hot 

day 202 

especially    if    the 

wind  lie  westerly  202 
in  fine  nights  only  189 
distilled  unequally  IDS 

in  open  places 190 

in  valleys  and  hollows  101 

on  clothes 195 

cultivated  lands  . .  194 

grass 194 

hair 201 

hat  201 

leaves.  &c 193 

none  beneath  a  tree.  190 
aftowerawnltig  191 
a  hedge  or  wall  191 
noneinacloudvnight  189 
inawlndynight  101 
especially      if 


Dew.  none   on  stones,  m 
dotli,  ilosorta, grav- 
el, mc'al,  roeka, 

ivool 194 

Dew-drop3  round 203 

fiattoncd 205 

roll  on  cttltbaffea  205 
"       roaoa  ...  200 

Digestion 90 

187 


Dirt  n-aiin 

Distant  bells  heard 380 

clucks 381 

objects  appear  small  354 

Bight 801,303 

spectacles  for  363 
Distance  raahes  tiling 

invisilile 85T 

Distilled  vinegar 454 

suffer  pain    138,  230 


gbell  . 


.  138 


Dnors  awaU  and  shrink  143 
Dogs    uneasy   la    wet 

weather 140 

Dough  Ibrraentud 2!>7 

set  before  a  fire  to  rise  258 

Double  concave  glasses  301 

convesglassca....  302 

Do\™ivarm 165 

Draining  lauds  promote 

warmth 151 

Driucut  at  a  door 294 

key- hole.  204 
window..  2D4 

slack 65,23 

Dreams 300 

Driving    in    a    storm 

dangerous 21 

Drops  of  Rtin  roll  on 

dust 206 

Drowned  men  restored     0!) 
Drowsiiiesaatcburch..  242 

Drams 379 

Dry  tuast  for  hivalida.     73 
wood  for  kindling     4y 


EX.  4GU 

Dry  wood  hums  best..  106 
snapaabout..  106 

Driest  months 307 

Dublin,  rain  of 317 

Duck  dry  in  water 208 

noisy  before  rain  141 

Dullness 339,371 

Dunghills  hot 253 

Dusty  shoes  hot 181 

Ear  tnimpeta 882 

EiRTEt,  bad  conductor.  170 
cool  in  summer. ..  170 
cools  aller  eun-set  189 
in  a  Itno  dglit  189 
cracks  by  frost . . .  882 
crumbles  in  spring  333 
warm  in  winter. ..   170 


by  day 

Earth-fog 

Earthen  tea-pots 


189 


remarkable  . .  385 
.  101 


Effervescence  ■ . 

soon  subsides  257 

Effervescing  draughts.  247 

Eg?,  componeiitpai-tsof  254 

discolors  silver  spoons  254 

new-laid,  cold 167 

stale,  warm 167 

"  smells  offensively  254 

tests  brine 335 

.  167 


Egypt  not  clondy 

Electhcciti-  affects  the 

clouds  ....   125,127 
excited  by  friction    84 


464 

Blectriclfj  felt  at  the  °" 

elbow  joints 34 

hot  84 

odor  of 35 

of  clouds 11,  127 

positive  and  nega- 
tive    22 

ous 11,23 

aouroeof  heat —     11 
Electric  telegrapii  —     36 

Elements  of  air 40 

of  fuel 40 

Emetic  tavtar 451 

Epsomsalts 454 

Bsquimaux  love  blubber  91 
Equatorial  CtttTont.. ..  2TS 

Ether 51 

boiling  point  of . .  115 
used  for  (Veezitig..  335 
"   inflammation, 
scalds,  burns.  148 

vapoiiiod 148 

Euroiiean  skin  white..  178 

Etapobatjox 147 

freezes  ....  S35 

of  sea 27B 

EvENtNQ  clouds.  . .  126, 133 

grey 1S5 

red  126, 133, 370 
yellow .  183,  2^4 
Evergreens  frost-ljittcn  212 
Ewers  broken  by  fi'ost.  825 
Expansion  byHSiT  101,117 
Explosion    of    roasted 

chestnuts 102 

of  gunpoivder  ..  103 

of  mines 203 

Extinguishers 70 

made  of  paper    79 
Byes  adapt  themselves 

to  light 840 

affected    by    blue 

glasses 375 

affected  l)y  flre-liglit  374 


HEX. 

Eyes  affected  by  sud- 

den  light 333 

affocted  by  the  Biin  S76 

black 179 

coineaof 860 

retina  of 360 

two,  use  of 343 

"    seesitiglo....  343 

Face  soon  scorched  .. .  182 

Fanning 167,  293 

Farsight 3Q1,  863 

spectacles  for..  362 
Fam)-huiises  smoke  . .  69 
Fat  men  swim  Iwst  ...  337 
Fat  pleasant  in  winter    89 

Feathers  warm 165 

Feeling 392 

Feet  cold  befoic  a,  fire.     57 
wet  dangerous ... .  148 

Fermentatio!) 249 

ditfers  from  pu- 
trefaction —  252 
ofdongh 257 

^biistl^ 60 

rc^nireswaler,.  155 
Fender   and    fire-irons 

coM 173 

Fiddle-atiings   musical  378 

snap  A-oni  wet  816 

Fine  weather  braces  ..  140 

indications  of  134 

Finger  fools  cold  when 

wet 148 

airneedfiiifor..,.  63 

bellows,  use  of  ...  65 

black  and  red 44 

blaniis 44 

not  in  frost  ....  52 

bums  blue 141 

eanwof 43 

cliarcoal ,  ^2 


Plra,  charccAl  danger- 

tu3 215 

clea- 44,  .53 

damp 2G1 

dillrrs  from  animal 

licat S5 

dull,can3eof  ....  G5 
efTect    upon    iho 

ej-os    S41,  374 

extiagnislicd  —  57 
by  water  57,  106 
fiercest  in  winter .  53 
out  ofdoora..  64 
goB  ffencmted  by  81 
gi'oluaquo    figures 

in  41) 

heatof 258 

how  incruascd  63, 63 

hot 44 

kindled  at  tlio  bot- 

liglil«d  with  paper 

and  wood 46 

light  dasxics 310 

light  variable  —     62 

iutiiinous 50 

melts  metal 121 

mottled 45 

outofdoora  15 

pokvr  draws  up  ..     56 

raiUatca  heat 182 

red  hot  .......44,  330 

rofluctcd   on   win. 

dows 352 

spotted 15 

BundutlsiC. 5.^ 

thaw  duila  it 65 

wind  iatcnacsit  ..     65 

See  aimSttstiim. 
Krelrons  cold. ...161,  174 

hot 174 

nist 231 

l.!r 232 

"    piBvected  .   232 


20* 


Fishes  ascend  and  dive  3S 

they  are 36 

cold 9 

FL^MEofttCAN-DLE    ...       7 

described 7 

blown  out  easily..  7 

dump 7 

hollow 7 

hot 7 

hottest  above  ■  ■  ■ .  7 

lurainom 7 

pointod 7 

P".rple  and  yellow  7 

Emokea E 

Flame  of  a  (I  re  between 

the  bars  of  a  grata  f, 

blue  £ 

Flamo  yellow { 

Flannel  warm t 

used  for  foo^lva^n- 

ers 1 

Flash,  see  li^Alning. 

Flat  beer,  &c 2; 

iron U 

Flavor  discerned  by  the 

taste 3! 

Flax    boms  apontane- 

Flint  and  steel  strike 

fire i 

Flocks    dangerous    in 

FcowiNQ  wATEs  frooKea 

slowly 8i 

makes  rough  ice , .  3; 
oscillates 8! 

Flower  awnings  arrest 

dew r 

pnrill'air 2 

Flowers  amell  sweetest 
at  night,  and 
befjro  rain. ....  1 


466 


Flowers  forebode 

Pluea 64 

blacked  183 

iong.      good       for 

draught 66 

shore,  bad        "         6I> 
See  ciimney. 

Platea 379 

Flypoison 390 

Foam,  white ST1 

Foaa 208 

arrest  Bound 381 

cause  of 123 

differ  from    clc'id 

122,209 

miat 209 

diapereed  by  wind  210 
dispersed   by   sun  209 

frozen 212 

in  autumn 209 

Sncrcase  distance .  141 

in  marslies 208 

in  valleya 210 

magnify 141 

none  inafrostynight  209 

Food  converted  to  blood  22! 

cooled     by    the 

breath 203 

Food,  want  of,  produces 

hunger 80 

want  of,  produces  , 

laziness 89 

aTcrsion  to  clean- 

"  to  ventilation    93 
Foot-prints  frozen —  325 

Footwarmets 102 

Forked  lightning 12 

Forests  catch  fire  spon- 
taneously       99 

cold 152 

Franco  ivarmer  than  of 

yore  1S3 

Fheezinqmixturrs.  .,  335 
Fkiction  (see  mbliiAg;    97 


Friction  i^icites  electri- 
city   34 

sets  foresta  on  tiro    99 

Frogs  cold 94 

croak  before   rain  141 
Frost  affects  barome- 
ter   299 

"    sound  . .  380 

braces 140 

brooks  ewers 825 

"  tiles,  stones,  rock  326 

"  pipes 827 

cracks  earth 832 

expands ual^r....  325 

on  windows 220 

prevents  fog 209 

stopswork 884 

warmer  than  tiiaw  S-IS 

Froth  of  beer....  107,248 
of  fermentation  ..  256 
white 372 

Frozen  vi-ater  warm  . .  330 
ruts  and  foot-prints  336 

Fruits  cool  the  blood..  92 
Ihlt  to  the  earth  ..  388 
pleasant  in  summer   91 

Fuel,  dry  burns  well . .     49 

elements  of 40 

for  the  body 88 

wet  bums  badly..     49 

Fulgiirites 85 

Funiigaticn     for    sick 
ro-.ms 389 

Fur..iel  (sn  fiites) 64 

Fjb,  hw  conductor  ..  156 

for  clothing 184 

warm 165 

F-macea  of  brick  ....  163 
linedwith  clay  163 

Purr  of  kettles 236 

"  gL^o^^'."!!..*.t237 
Gfllleryhot £29,2M 


Bm 74,109,  fl 

dilTera  from  liquid  220 

elastic 220 

ioviiiible 219 

jotof 79 

of  candles 2G3 

Etouze  wii'e  of  Bofety- 

lampa 2G4 

prevents  explosion  261 
Oeese  noisy  before  rain  141 
Qermansilvertamislies  2115 

tinder 100 

Qermainy  ivarnier  tbiLQ 

of  yore 153 

Germination 2SS 

Gho9ts 2C6 

Gideon's  miracle 195 

Ginger-pop 248 

acid 248 

QLtasEB  broken  by  hot 

water 119 

broken  if  set  on  a 

hob 120 

covered  with  mist  198 
"  if  brought  from 

cellar 199 

dulled   by  a  hot 

band 198 

"  by  breath,  &c.  199 
mist  of  soon  sub- 
sides    193 

Sec  spectacUs. 

Glass  a  roauctor 3W. 

soon  cools ... .  lyi/i'Ji 
ground  not  tn^.f- 
paren'. iiS 

Ste  laokin^.gUis. 

Glauber  salts J6i 

Gloves,  blacfe  UJ  ....  176 
Lisle  tiiTepd ...   170 
Glow-worms  RiiiJen  li/ 

ni-ht Si2 

Gluten 251 

ferments 2fi2 

9od's  wisdom  153,  106, 193 


EX.  467 

195,  225,  283,  289,  328,  S^ 
Gold  never  taraUlies,,  236 
Gcfodness  {set  wis'l/nn). 

Grapesu^r 249 

Grape  juico  needs   no 

yeast 251 

ferments 249 

makes  alcohol 250 

"  carbonic  acid  250 
Grapes  never  ferment .  254 
Grass  promotes  cold  . .  152 

colleotsdew 194 

Orate  (see  slaves). 

Gravel  collects  no  dew  194 

Gravity 387 

Gray  morning,  sign  of  a 

fine  day 13^1 

evening,  sign  of  wet  13S 
Grease  liked    in  cold 

weather 89 

loathed  in  hot...,  91 
prevents  rust  ..,.  S45 
used  for  wheels  . .     88 

Green  color 372 

wood  doesnot  bum  106 

when   burned  205 
Grottoes    fUmons    for 

echoes  383 

Ground  frost 209 

Growth    promoted    by 

moonlight 20a 

Guinea  fowls  squall  be- 
fore rain HI 

amis  fly  to  sea 146 

to  land 14B 

Gunpowder  erplodcs..   103 
QiiKty  weather  makes  a 
smoky  house 70 

HAri, 312 

accompanied  with 
thunder 313 


faUiiD 


.  31» 


Halls  lamous  for  echces  381 
Halo  round  tlii,  moon  136 
Handks  wooilcn  156 

metal  166 

Hard   woilc   prrtinotts 

wata  badfornaah 
ing  234 

Haitshorn  253 

Hat  covertd  «Sth  dew  200 
turned  icd  at  the 
SLa  side  520 

Hawka  see  near  and  (Hr  S63 
Hay  slacks   catch  fire 

Bpontan&unalv  61 

Haze  round  (he  sun        130 

the  moon  136 

affpcls  sound 381 

Head  achea  in  a  crowd  239 

itches  in  wet  weather  142 

Hearth-riig  warm  ....  159 

Hearth-stone  cold  ... .  159 

hot 100 

Hbat g 

absorbed 87 

and  light 61 

affects  barometer .  802 

"    sound 880 

traimal  ...  83,223,268 
applied  to  (he  bot- 
tom of  boilers  ..  214 
comniimicatlon  of  155 
conduetion  of  ....  155 
effects  of  . . .  10  to  101 

evolved 37 

"    by  compres- 

Eion......  100 

expands  air 102 

ex  |)ands  water 334 

from  beaten  iron  .     01 
increased  hy  accn- 
mulation GO 


of  candles 75 

dunghills 253 

firu 258 

human  bodies  81, 253 

lime 265 

radiates ...   183 

reflection  of 17S 

sensation  of 9 

sources  of  ..   10  to  101 
Heating  rooms  by  stoves 

103,  183 
by  steam  ....  183 

Heavy  bread 258 

Hi'nip,  spontaneous  com- 
bustion of 60 

Herds    dangerous    in 

storms 25 

Hedges  increase  wannth  152 

Hills  larger  in  a  fog. . .   141 

seem  more  distant  141 

H0«11  PBOST 211 

not  found  on  trees  212 
under  shrubs,  &c  212 

of  frozen  fog 212 

on  dear  nights  only  211 

"grass 211 

"tombstones 177 

very  partial. >.. ..  211 

noNKV-nEW 203 

Honey.dew,  ants  fond  of  204 

effects  of 203 

injures  plants  ..  203 
Hoops  used  red-hot...  117 
Horizontal     sua    and 

moon 350 

Horses  strike  fire 97 

snuff  up  air 144 

uneasy   in    dull 

weather 141 

Hot,  cloudy  night  op- 
pressive    137 

Hot  water 187 

melts  sugar  ....  323 


Hot  weather  abates  ac- 
tivity     sa 

abatea  appetite.     SI 
prodaws  lovo  of 

(Viiit  ....     91 
"  dislike     of 
grease..  .     91 
Hottest  place  atcbin'ch 

229,  29G 
Houses  catch  fire  spon- 

taueouslj 59 

gather  damp  ...  200 

tant  In  a  feg  141 

smoke  In  valleys    C7 

Hnll  or  ships  seen  last  S58 

Hnnger 87  to  91 

promoted  by  cold    90 

"day-light 88 

"  rapid  Qigesdon  .     90 
"  singing,     speak- 
ing, work....     88 
jSee  appetite. 

Hydrogen  eaa 40,74 

of  fuel 220 

IcF 826 

coDtalns  heat ....    S8 

dissolved  by  acids  Z32 

rtiction     99 

salt  . . .  S32 

sun...  121 

grows  thicker..,.  829 

ligbter  than  water  825 

Ice-bui^   famous  for 

echoes 381 

loNIB  P*TUDB  ....   260,267 

cauieof 2GS 

[mpnre  water  purified  72 
Indian  mode  of  striking 

Are 97 

&iflanimable  air ... .  40,  74 
bisects  in  tvet  weather  145 
Insensible  perspiration  197 
[otennediate  clouds...  130 


Iron  affeeted  l>v  light- 
ning       38 

cinders 48 

cold 159 

containslatentheat  95 
cooled  by  air  ... .  227 
convection  227 
"  radiation  .  227 
good  conductor.. .  173 
heated  by  blows..  94 
rust 231 

mon 231 

"prevented 232 

"  scales 231 

stoves 163 

Ironing  box 147 

Islands  equable  in  tcm> 

perature 291 

subject  to  wind. .,  290 

warm 291 

Itching  in  wet  weather  142 

Jack  o'-lantem  {see  ig- 

nis  falnillt) 26G 

Java  (leejangks) 241 

Jet  of  flame  through 

bars 50 

Judges  vi.  illustrated  .  195 

Juice  of  lemons 454 

Jungles   of  Biodostan 
fetal 341 

Kettlb  boils  over  ....  Ill 
quickly  if  cover- 
ed with  soot  .  174 
slowly  if  clean.,  174 
"      ifnew. ..  174 
bottom     should 

be  sooty 135 

cold  when  water 

boils 136 

furr  of. 238 

holder 167 


Kettle-lid  cl.an 

I^ 

lUlt 

186 

KctUe    not    Ml   after 

boiling 

111 

in 

thLoug'i  the  spout  112 

sing^ 

109 

stLim  nl 

216 

topbii,ht 

186 

Kid  glomes 

176 

Kilkarne*   td.o  nf 

Kindling  111  IS 

40 

di\ 

49 

48 

Ladies  an 

289 

Lakes     ^liLch     nevei 

fVeeze 

331 

Lamps 

74 

Argflnd 

83 

snloko 

82 

tpiit 

149 

Lamp-giftssiS 

Lanil  air  cold 

207 

Land  liroeze  unhealthy  290 

cools  fkster  ilian 

water 

207 

Lar^ffi 

146 

Latent  he*t               S 

8  95 

Laundress 

147 

Laz  ness  caused  by  nan 

of  food 

89 

bvheat 

92 

Lead  d  Ulness  of 

234 

tarnish  of 

254 

I,e»nness  from  starva 

Uon 

86 

Leates  a1  ^otb  carboDic 

flCd 

225 

collect   dew   nne 

qually 

192 

exhale  osv%<ra 

2  4 

jreen 

S72 

Leaves  in  a  pond SS^ 

iightgretn  in  spring  372 
pale  in  dark  ptacci  372 

promote  cold 163 

yellow  in  autumn  372 

Lemons,  juice  of 454 

saltof 451 

Lid  of  kettle  bright...  185 

hot 180 

rattles...   112 

Light  bread. 257 

colors  cool 175 

LicnT 51,  338 

absorbed S39 

composed  of  vari- 
ous  colors   381,  370 
divided  by  a  prism  S64 

fVomallint 06 

compression 100 

of  candles  76 

Are 60,62 

honses,  trees,  &c.  338 

the  sun 338 

reilocled 339 

speed  of 337,388 

sudden,  painful.. .  339 
Lighting  Sres 46 

LlOHTNlNQ 11 

affects  iron  &  steel  35 

'    electric  tele- 
graph    36 

balla 13 

barks  &.  snaps  trees  84 

clouds 12 

comes  A'om  clouds  22 

"      from  earth .  22 

conductors 23 

dangerous 29 

followed  by  rain..  17 

"        by  ivind  ...  17 
fbllows  dry  weather, 

notwet 83 

foiled 13 

fises  metal 82 

lUills animals  ...>,  14 


Ugttuiagknockadown'''"' 

Liquid?  heated               JTI 

hoil3i.s     cliurctcs 

not  elastic            220 

&c 

29 

Lisle  thread  gloves         IJb 

LohDOM  pou                    208 

maims 

14 

Long  flues                       107 

odor  of 

grass  promotts  cold  15. 

passes  down  the  out 

Logs   two  burn  better 

side  of  a  tree 

20 

than  one                      49 

passes  throagh  the 

Seweod 

inside  ol  animal 

20 

Looking  gla:.s                  843 

produces  falguriW 

85 

a  reflector                 343 

punfles  air 

3J 

33 

approaUimg  &c  345 

returniag  stroke 

23 

refleels  our  whole 

scorches  tiees 

34 

person                   346 

sheet 

13 

Lucifer  matches             265 

speed  of 

18 

Lunar  caustic                  454 

sSiight 

13 
17 
33 

Lnngs  described             2-i 

*'""M*mmon  in 

Mackarel  scales  &c        130 

Innis  beer  sour 

32 

Mackintosh      pievenfs 

milk  sour 

30 

cold                              149 

not  old  beer 

32 

Madness  l^om  starva- 
tion                            8b 
Magnetic  offt  cts  of  hght- 

tiro  flashes 

13 

r,llao  steel  rusta 

233 

M^pies  indicate  nea 
„fcr                              345 

prevented  213 

Limp  and  water         3 

87 

Malt                                 Z>. 

burned 

2G0 

Maltins                           .^1 

hot 

260 

Man  a  swimmer              S  i 

389 

&l  swims  host        337 

se»ers  2^9 

889 

no  bigger  than  a 

quiclc  or  caustic 

260 

crow                     355 

Lime  wash   for  rooms 

389 

Marble                             454 

line  of  iiieidtnce 

344 

M.  HCH  comes  m  like  a 

of  reflection 

344 

Lioea  cool  wear 

171 

goes  out  hke  i 

driid             151 

295 

lamb                  287 

Linseed     oil     boiling 

dry    good     wet 

point  of 

115 

had                    288 

I,.aDEP.c^.eN 

121 

flowers  undesira- 

109 

ble                     283 

had  conductors 

21' 

use  ol                    2S 

coDled 

216 

windt  y               -ei 

47a  INI 

Mares  tails  iSl 

Uarah  gw  2G1 

Mars  i|  mm  363 

Mast  of  ships  seen  first  368 
Ma>  fluwi.i'a  288 

Mf«t  covers  188 

Meat  liUfl  in  cold  wea- 
ther PO 
loathed  in  hot  91 
roasts- d  by  reflect- 

oiB  180 

tajiit  remoied  389 

ta  ntcd   by  moon 
light  203 

MECHiMCtL  jlCTION  9i 

Mercuiy  ol  barometer  297 

boihng  point  of  115 

bright  235 

ctncave  304 

itsnse&fall  303to308 

rises  from  heat        119 

Metsi.  collects  no  dew  193 

conductori  15G 

feels   colder   than 

wood  158 

hotter  than  wool  167 

nised  h\  (ire  121 

by  Ifehtnng    32 

gond  conductor        lo6 

1  Indies  buro  166 

reflectors 


18.1 


Miik  long  m  cooling       216 

•wurtd  by  lightning    80 

M  neral  springs  320 

Miners  danger  2G4 

prevented  239 

Mirror  841 

Mist  arrt^la  sound         381 

black  137 

cause  of  2fH   206 

differs  fiom  cloud  122 

dew.  204 

fog..  209 


MIstI  1C1  cases  disfa  ice    1^ 
magnitlits  141 

on  nindows  ISA 

seems  to  ri^i  2tfe 

vanishea  at  sun  tse 

205   209 

white  117 

Mixing  not  combm  ng    8C 

Money  hot  in  a  pocket  158 


ION  distance  and  3170  : 
laigest  at  horizon  ; 
refketcd  in  nater    : 


taints  meal 
MoRNiNQ  breczo 
gray 
rainbow 
ud       127  184 
streaks 

MORTIR 

adhesive 

crumbles 

hardens 
Motes  in  a  sunbeam 
Mould  hardened  by  sua 
Mountains  cloudy 


132 

181 


ColkCt  I'B 

flimons  for  echoca  384 

impede  icspiration  229 

noiseless  383 

Mnriate  of  sodi  451 

Muih.y  nights  oppios 

sue  137 

Musical  instrun.eals  379 


MjTTh  antiaeptic 389 

Nails  for  matches 95 

Naves  fitted  on  hot ,. ,  118 

Near-aigM 300,  363 

spectacles  for  3S0 
Negative  electricity.. .  22 
Negroes,  why  black...  178 
with  black  eyes  ITI 
New  kettles  boil  slowly  174 
Night  allays  hunger  , .     83 

exhilarating 137 

oppressive 137 

prcidviccs  cold  ....     88 

rainbow  at 135 

warm,  when  cloudy  189 

Nimbus  clouls 131 

Nitrate  of  silver 454 

Nitric  acid 30,33,  454 

Nitrogen  42 

expired. ...224,  239 

of  air 221 

Nitrogenized 254 

Non-transpareney 373 

North  wind  cold 28i 

dry 284 

North-west    wind    dry  286 
299 

Northern  lights 135 

Notts,  hass 379 

flat 880 

Eliarp 880 

Hovembur  rainy 289 

Odor  of  electricity  ....     85 

Oil,  elements  of 74 

linseed,  boiling  point 

of 115 

of  turpentine 115 

of  vitriol 464 

Oiled  paper  transparent  373 
Old  people  far-sighted  361 
bold  objects  at  a 
distance 863 


473 

,  ev 

Old    people  lose  their 

power  of  walking  392 
spectacles  for  ..  862 

One  pot  will  not  boil  in 

another 113 


boil  . . 


.  114 


Out-of-door  work  pro- 
duces hunger on 

Owls  prowl  at  night..  342 
sec  in  the  dark..  341 
sleep  all  day  —  341 
screech  before  rain  111 

Oxalic  acid 896 

Oxide  of  copper 233 

iron    231 

lead 234 

Oxide  of  platinum  ....  235 
potassium  ...  288 

silver 234 

sodium 28S 

Oxidised 222 

Oxygen 41 

eshaied  by  leaves  226 
heats  the  blood...  223 

in  the  blood 288 

inbalod 222 

makes  blood  red..  223 
'■      fuel  burn..  220 

of  air 9G 

its  use 22f 

sapports  combus- 
tion   97,  220' 

sustains  life 221 

Ozone 85. 

Paleness 222. 

Palmer's  candles 80' 

Paper  burns 43 

not  always  4d,  57 

extinguishers  ....  79' 

oiled,  transpareit.  373 

puckers  from  wot.  317' 

used  for  kindling .  4^- 

PapilliB 392- 


47  (  iN 

fails,  pk^lorof ^ 

Parlors  sir.cU  of  smoke 

PaititioD  walla  tt  arrest 

soiind 382 

Pea-ioupfog 207 

Peacocks  forebode  rain  IJl 

Pearl  divers  doaf 189 

Percussion 94 

Perspiiiition 88, 197 

Petals 870 

Pelruls 146 

PetrifiieHon 330 

Phosphate  of  llmo....  265 

Phosphoric  add 43 

Phosphoraa 66 

GEM  a),s ."..  265 

Piano  fortes 879 

Pickte  tested 335 

Pie  with  a  cup 116 

fallofjiiice 116 

Pigs  sqneak  before  min  141 
Pimpernel     forebodes 

rain 143 

Pin  puis  a  candle  out    81 

Pine  snaps  in  lire 105 

Pipes  broken  by  fVost  327 

Piston 100 

Plants  collect  dow  ...  192 

forebode  rain 143 

grow  oil'  of  walls  296 
after  uioonlieht  203 

Plaster  of  Paris 45i 

of  stoves  falls 

away 118 

tlaslerers  cannot  work 

in  frost 834 

Plate  \i-armer.,..  1T7,  180 

Platinum,  its  iise 235 

nevoi  tamiKlies  235 
Ploughing      promotes 

warmth IGl 

PlQinbago 232 

prevents   rust  232 


Poison  for  flies 390 

Poker  draivs  vip  fire  ..  68 
hot  against  a  stove  173 
cold  onafendcr  101,173 
how  to    carry   it 

when  hot 217 

Pokerrnsts 232 

rust  of,  prevented  282 

Polar  current 278 

Polish,  nse  of 163 

Polished  metal  tea-pots  184 

Ponds  dried  up 158 

Poor  averse  to  cleanli' 

ness 92 

ventilation 93 

lazy 89 

Poroaofwood 105 

Porter,  fVoth  of..   107,248 
set  bufbre  a  fire  107 

Porter.stale 255 

Porter  vats  dan^rons  245 
Positive  electricity...     23 

Potatoes,  green 872 

yeUow 372 

Potash,  tartrate  of . . . .  454 

Potassium 286 

bnrns  in  water  236 

Primrose  yellow 371 

Prisms  divide  light...  S64 
Psalm  cilvii.  16,  illus- 
trated   164,  311 

Pump  handlecold  ....  158 
water  hard  ....  820 

Purple  steel  rusts 233 

its    rust    pi-events  ■ 
ed 233 

PUTKEPACTION 253 

differs      from 
fermentation  253 
Patrcfying  bodies  smell 

253,  266 


Quadrupeds  swim 

Quick  lime  absorbs  car. 
bonicocid 246, 


837 


Quicksilver  Ijri gilt i-ia 

cxtiiiguiKlicd  451 
Qaiet  prccciles  storm.. 

Badiatio.m  .......  182, 

Eadiators  are   alisoib- 

bad  .'.'.'.'.'.'.'.'.'.'. 
Rags  catcli  He's  sponta- 
neously  

eajiucially  candlo- 

Railway 

Baim... 

affected  by  wind..  315 
after  lightning. 
Bcresls  sound. . 

cause  of 

douils  bodo 134 

conlsair 100 

differs  from  dew..  208 
dispels  carb.  acid .  •  24G 

tSiih  in  drops S14 

fertlliJiing. . . .  288,315 
from  juissing  clouds  315 
heaviest  In  summer  318 
least  at  the  polee..  313 

ousplaues 81G 

near  the  equator..  81S 

notsalt S-J3 

on  dust 20G 

cabbages 208 

rose-leaves 208 

prognostiosof ....  134 

from  animals...   140 

cundles&  fires  141 

cloud? 1H4 

floweis 143 

purifies  air 315 

smtdM  ehsngc.  ..  302 


47  a 

Rainbow  colors  reversed  ilil 

Rainbows,  two 38fl 

Rain  drops S14 

vary  in  size  ..  314 
Rain-water  smelts  olfen- 

sively 322 

(fertilizing 324 

not  salt 323 

aoft 321 

stagnant 323 

unpleasant . . .  322 

Rainymonths 818 

Rare  air  bad  (br  sound  383 

Rattling  of  Itettle-lid..  112 

Ray  of  light  divided  . .  884 
Reading  aloud  produ- 

Red  color 322,371 

roao 371 

Bky 120,869 

san-rlse 127,134 

sun-set 134 

Reflected  light 339 

EsrLECTIOM  of  HBiT  ..    179 

inamirror 345 

in«-ater 346 

REPLECToaa 179 

help  tho  roast...  181 
keep  kitchen  cool  181 
not  absorbers,...  180 
should  be  clean  and 
bright..  177,179 
"  not  bepain'-ud  177 

Repbjction 358 

Refrangible 126 

Resinous  electricity. . .     23 

Retina 360 

Returning  stroke 28 

Reverberation 383 

Riceftr  food 02 

R[VEHs  Sow  slowest  at 

sides 32* 

frooao  uneqoally 

828,33ft 
invert  our  image  Sit 


476 

Rivers  never  frozen  at 

bottom I 

not  wholly  frozon  ; 
shultovr,     freeze 

fastest ; 

seem  shallower  than 

they  are ! 

warminVoKon...,  ; 

Soast  apples ; 

soft : 

clieatnuts 

Rood  dai'li:  fi'om  a  light 

Roclts  collect  no  dew..  194 
broken  by  il'oat...  826 

Eoom  cooled 150,205 

cuiTetits  of  air  in  a  270 

ventilated 295 

vitiated  byacrowd  295 
wanned  by  Are  . . .  240 

Kose  red 371 

Bosneatii,  echo  of. 385 

Ross,  Cu|)taln 381 

Rotation  of  earth 273 

Rotting  leaves  promote 

eold 152 

Rnbbing 98 

Rubbing  bands  to  warm 

tlLoni 98 

restores  suspended 

wood  excites  fii'e.!    98 

RuddincJis 223 

Buin']  fumed  for  eeboes  383 
Runting      promotes 

ivamjtli 87 

in  a  Ktonn  dan- 
gerous       21 

water  fi'eezcB  slow- 
ly    329 

irater      makes. 

rouffh  ice 33 

"  oscillates 32i 


Running  water  imic,..  Szi 
Ivusli  liglits  easily  blown 

out 78 

estinguisheil  by 

a  pin 81 

RtrsT 231 

prevented 232 

when  most  trouble- 
some    232 

Rustics  healthy 242 

Ruts  frozen 826 


abroad 25  to  27 

at   a    slight  die- 

lanccfromalrce  26 
best  to  be  wet  27 
in  a  carriage ....     26 

in  bed 27 

indoors 26 

Safetylamp 263 

Sailors  rarelycateli  cold  150 
St.  Bride's  churcli  de- 
stroyed by  lightning    30 

Salt 454 

and  snow  eold.  .39,882 
and    ivatur    boils 

slowly 114 

crackles  in  a  fire..     49 

dissolved  by  water  323 
especially  by  hot 

water 323 

flavors  n-ater. 823 

of  lemons 454 

retaiils  boiling 114 

smelling 454 

white 372 

water  unfit  for  lail- 

waycMgines..  287 

for  woabirig....  320 

Salts, Epsom 396 

Sand  daiu'.ling 874 

Saucej^n    boils     best 

when  black 18S 


.  IS5 


lio 


clean  and  ll right  185 

rattlu 112 

Scaldciirod 149 

&riplure  illuslratwl.-.  16i 

145,311 

Seam  of  fennentation..  255 

Sea-bead  1   ImaUhy 


tlium 


.  290 


:liealtl]y  at  night  290 

Sea  telora  storm 139 

givtaoutlieat 293 

heaves  and  sighs . .  ISO 
less  hot  than  iand.  275 
not  much   heated 

by  sua 275 

Sea-gulls 146 

Bea-yapor  not  salt. ....  154 
Beo-water  easier  to  swim 

in  than  Ti-esb...  335 

heavy  and  salt 323 

rarely  frozen 331 

"      givescold..  150 

salt 323 

Sea-wavea 292 

Sedentary  pursuits  abate 

hunger 89 

SEE[Hoina;1ass 313 

into  a  dartc  street.  B52 
"     light  room.  3iO 
oursel  ves  in  a  small 

mirror 345 

the  same  object. . .  839 
When  used  to  dark- 
ness   8tO 

Sensation  destroyed  ..  391 
offeeiing...  391 

of  taste S91 

Sewera  purl  Sod  by  lime  259 

Shade  cool 171 

Shadow  in  water. .  .845, 3i<( 
Shadow  larger  aiobjeet 
approaches  a  light..  852 


IS.  4T7 

ptf 

Shallow     wa'«r     soon 

IVeezes 830 

Sheep  bloat  before  rain  141 

ill  a  storm.    25 

lie  imder  hedges  110 

Sheet  lightning 14 

Sheets  wet 149 

hull  of,  last  seen  858 

Shirts  of  linen 172 

Shoes  cold  wliun  wet . .  148 
hot  when  dusty.   181 

Shot  hot 101 

Shower  cools  air 150 

SliutteTB  dangerous...  24 
Sick  rooms  purified...  3S9 
Sides  of  a  pond  covered 

with  leaves 3SS 

Sight  affected  by  sud- 
den light 339 

Silver  meat-covers...  188 
should  not  be 
chased  ...   IBS 

nitrate  of 464 

tarnishes 234 

Simmering 109 

Simple  clouds 12S 

Singing  of  a  kettle 110 

of  boiling  water  110 
produces  Imnsor    88 
Single  magiiie  unUi^y  145 
Size  diminUhod  bydis- 

tanc« 364 

Skin,  black,  docs  not 

scorch ITG 

white  does 179 

itches  before  rain.  142 

Sky  blue 328 

Sleep     elongates     the 

body 890 

hodytbelsmtin..  391 

dreams  in 891 

ears  hear  not  in...  391 
ejcs.soeno'in....  891 
mind  wills  nuti^..  8^1 


Sleep,  tongue  (aatea  not 

Sluet 310 

Slit  cliestnuts 103 

Smelling  sal  ta 454 

SiiELr.B  in  wet  weather  H3 

of  bins  and  sen-ei-a  258 

churcli-yarda...  265 

putrefying  bodies  253 

Bmoke 45,62 

ascends 62 

ciirls 62 

fella 144 

"  doivnadilmney   C5 

orfresh  coals 45 

candles 81 

lamps  diminish- 
ed by  a  glass.    83 
red-hot  conJs...     45 

riacfl 107 

uscfulincooking..  186 

Smoky  ehimneya C3 

Ste  eAmncji. 

Bmokejacks 108 

Smouldering  wicks ....     56 

Snow a09 

arrests  sound 8S0 

bad  conductor....  311 

eauseof. 310 

falls  inwinter....  810 
"  not  in  summer  312 

like  wool 104 

nonnslics  the  earth  811 

ou  mountains 812 

soon  melts  beneath 
a  bedge  or  ivall   191 

usaof 810 

wann 310 

raixeH    with  salt, 

cold 332 

while 312 

Boap 321 

cleansing E21 

hard,  soft 321 


Soap-bubbles 36S 

ascend 326 

change  color  , . .  868 

Soapy  water  bubbles..  325 

Soda,  muriate  of 451 

water 247 

"    acid 248 

Sodium  236 

decomposes  water  236 

Soft  soap 321 

water  for  wasUing  821 

Solids 109 

Sonorous  things 877 

on  ceilings 71 

Sooty  kettles 174 

Sound 377 

affected  by  fi'ost . .  381 

heat..  861 

arrested bymist ..  381 

wet...  880 

diminished  by  rarity 

of  air 888 

heard  best  by  night  881 
in  a  fl'ost  380 
inaudible  on  moun- 
tains    883 

velocity  of 377 

Sounds  musical 377 

prevented  from 
passing  fi'om 

Soup  long  cooling 2]5 

Sources   of  heat  . .  9  to  1^ 

South  wind  rainy  285,  3U0 

warm....  285 

South-east  wind  I'ainy  286 

SiMLrksfromaflro  ....  106 

aflirt....   190 

a      Jiorse- 

shoe ...     97 

Spectacles 361 

Mark 376 

blue 375 

for  aged  ....     3611 


Bpectaoles  for  near  sight  36() 

Speclrttro 377 

KpUt  bulls 378 

Sponge  swells  when  wot  316 

BpONTANEOUa     COMBUS- 
TION...   60,  84 

of  forests  ...     99 
^Mons  tecome  dull . . .  231 

discolored  by  e^s  264 
retard  boiling  ...  113 
Speaking  produces  ban. 


Spray  white 371 

Spring,  best  late 288 

crumbles  the  eartb  333 

bracing 140 

verdure  372 

Spring  water  cw>l 171 

"        sparkles.  240 

■Springs  prevent  freez- 


ing.. 


Sprinkling  to  coot  rooms  150 

Stagnant  water 323 

full  of  worms  323 
Stilo  beer,  &c.  (see  beer)  255 
Stars,  distance  and  size 

.  3GG 


of.. 


lnTisililo  by  day.,  842 


1  dat  .. 


a  well 8 

eeon  on  mountains  3> 

twinkle 3' 

Starvation i 

produces  dirtiness  : 
lailaess  '■ 
leanness  i 
madncsB 


.  122 

engines  burgt 217 

invisible  ....  112,  216 

ofskettle. 210 

"    locomotive...  201 
pipes  Rhoald  not  be 
bUck  184 


5X.  479 

steam,  why  viiiWo....  lU 
wliat  becomes  of  it  113 
Stkei,  affected  jy  liglit. 

ning 36 

and  Sint  make  a 

spark 98 

purple 233 


prevented  233 
Stick   burnt   makes  a 

circle  of  liglit 374 

Stillness  before  a  storm  139 
Stirring  cools  broth,  &c.  228 
Stockings    difficult   to 

draw  on  wlien  wet . .  817 
Stones  broken  by  fi'ost  B26 

cold 189 

collect  no  dew  193 

snapinRre 106 

tinfit  for  fuel . .     49 

Storms 139 

direction  of 84 

distance  of,  told  16,  19 
follow  dry  weather    33 
places  of  danger  in    19 
■'  safety  in     26 

prevail  in  summer 

and  autumn  —    33 
rare  inwet  weatlier   8* 
Stoves     crack     when 

lighted 118 

when  cooling..  118 

of  bricks 163 

on  a  floor  ....  54,217 
rust 240 


not  often  —  232 

prevenled ....  232 

settings  fall  away  118 

smell  of  sulphur . .     59 

smoke . .     69 

close 63 


1 


stratus  cluiidH 1-h 

clotliijs  for 175 

vrork 834 

OTcrtreos 834 

grease 91 

Streots  dark  from  a  light 

lightning 17 

room 840 

Snn-bo*msftill  of  motes  228 

Gecm  to  meet  at 

bottom 354 

Striking  iron  makes  it 

Imi'dens  earth 163 

largest  at  horizon.  350 

Strolling  in  water  dan- 

not  soen  in  a  well.  348 

Stucco  peels  off  in  D'ost  333 

Sublimates 454 

seems  flat 356 

source  of  heat....     10 

Sudden  light  painful..  339 

Sun-riaurud 127,  134 

anhydrous 250 

red 133,  135 

ferments.... 249 

yellow  ....183,  134 

at  toil  of  lea  melts 
qnickly 889 

Super-acetateoflL-ad..  454 

flavors  water 322 

restored 99 

left  at  the  bottom 

Sivaltou-s  fly  low 144 

Sn-andryin  ivnter....  206 

slowly 388 

Sivoet-wort  needs  yeast  253 

"    carbonic  add  250 

Swimming 337 

melted  by  "■aler.-  322 

initio  sea....  835 

'■    especially  by 

hot  water.  822 

Syrup,  boiling  point  of  115 

oflead 454 

Tablesalt 464 

relards  boiling...  114 

Tainted  meat  ciinMl  72,  S89 

stii'n^  melts  quick- 
white'.".'..'.".'..'.'!;  372 

Tallow n 

Sulphate  of  lime. .320,  454 

Tamisb  233 

magnesia.  454 

Tartar  emetic 454 

Tartrate  of  iH)fa.sh  ....  454 

Kino 454 

Tarts  have  a  cup  inside  US 

Sulphuric  add 464 

fnllofjiiite 117 

and  wafer    K" 

Taste 852 

boils  ]!S 

■Iki.  cooled  by  tiUiiring  228 

Bummer,  nlr  in 20:i 

by  Bit:  ring  223 

yfvk 

green,  deleterious 

mt 

Tea-pot,  bright  metal. 

l«4 

larnishea  234 

black  eartti 

1N4 

prefBrred  b] 

set  on  a  hob.... 

IfU 

m 

afreets  weather  305 

cold 

SHI 

w. 

Theatre  dangerous .... 

w 

Thick      clothing      un 

healthy 

IM 

Thread  gloves  cool  — 

1711 

Ifi 

after  lightnJDg... 

17 

bolts  (_seefidgunlcs)    17 

deep  grow!  

lli 

distance  of,  told, 16,  18 

followed  by  rain. 

W 

wind 

17 

irregdar  roar  ... 

l.-. 

I.S 

rolling 

17 

Tigers  prowl  by  night 

M'/. 

sleep  all  day  . . 

■M^ 

Tiles  broken  by  frost. 

K'W 

7H 

Tin-blowers 

flannel  ... 

ptate-wannor  ... 

177 

Tin-bloivers   reflectors   li 

Tinder  bloivn ! 

Toast  and  water...., ,     'i 

dry,  for  the  sick. .    ' 

Torab-stooes  frosted  . .  V, 

ToEgsrust a 

prevented.,  2i 
Tools  hot  fromusB  ...     i 

Trade  winds 277,  2f 

Transparency 3' 

Treble 3; 

TttEEs  barked  by  light- 
collect  dew  ....  11 
covered   with 

baas,  &c Zi 

look   more   dis- 
tant in  a  fog..  1' 
not  frost-bitten.  21 
promote  wai-mth  II 

purify  air 2' 

shade  of,  cool  ..  V: 
Trefoil  fbrebodes  r^n  .  1' 
Tube  of  barometer . ,  - .  2! 

Tabs  dried  up 11 

Tumblers  i_see  glasses.) 

Twilight z; 

Twinkling  of  stars  ..,.  S\ 

Two  eyes 8' 

"      see  single  . .  3; 
logs  bum  best '. 

Onslit  chestnuts H 

Use  of  barometers ....  2'. 

clouds l; 

smoke  in  cooking  II 
snow 3! 

VttJIey  ebicnneys  smoke    ( 

ViPoarzATioN l; 

Vapor  a  conductor ! 

forms  fog  and 

cloud a 

of  a  carriage  .  U 


482  INI 

Vapor  of  a  room  . . . .   m 

of  sea  not  salt  164 

Varnish  to  prevunt  rust  232 

Vats  fatal 244 

Vegetable  and  animal 

life  dependtnt 225 

Vegetolilos  absorb  car- 
bonic acid  ■■  ■  225 
agreeable  in  sum- 
mer      91 

collect  duw  ....  192 

cool  the  blood..    92 

exhale  oxygen .  224 

Velocity  of  clouds  ....  204 

light 338 

sound 3S4 

wind :J94 

Vent  peg 255 

Ventilation 93,295 

sought    by    tho 

WBll-fed 93 

sought not by the 

ill-fed 93 

Verdigria 451 

Vertiealsun 273 

Vinegar  antiseptic  ....  889 

diatiiled 454 

Violets  blue 371 

Violins  musical 878 

Vitreona   electricity  II,  28 

Vitriol,  oil  of 454 

white 454 

Wails  l<i  arrest  sound  .  382 
wet  iti  winter  ....  199 
"    inatliaw.,..  199 
Want   comiected   with 

dirt 92 

Warm  clothea 175 

than  others...  155 

Warmingrooms 217 

Wash-iiand  basin 160 

Washing,  waterfor....  259 
should  not  be  bard  320 


Water  (see  rain} 3B 

and  limo 81,  37 

and  sulphuric  acid    37 

ashes  soften 321 

bad  conductor  161,214 

boiling..   115,213,215 

bubbles  .  111,214 

rattles 112 

runsoTer....  Ill 

sings 109 

deans  dirty  liDen  ,  321 

cold 160 

converted  to  steam 

121,  319 

cools  slowly 207 

deep,  freezes  slowly  330 
dried  up  in  summer  153 

elastic 253 

expands  by  (Vost . .  327 

by  beat..  827 

estinguishes  fire  57,106 

not  always  57.  68 

Bat  when  boiled..  257 

fluid 319 

flowing,  pare 824 

forwashmg..  259,320 
freezes  at  the  sur- 

fiice 328 

fresh,  sparkles  ...  260 

froaen  by  ether  . .  334 

air-pump  335 

fuel 58 

furrof 23T 

hard 820 

agreeable  to  drink  260 

nnGt  for  washing  320 

how  preserved  cool  179 

hot  179, 187 

heated  218 

intcnses  lire  57 

inverts  images  . . .  848 

kept  hot 215 

melta  sugar,  salt, 

&c 323 

especially  hot  878 


lral«   m      d      th   alt 

Watb      prog      t        fli) 

tK>  1      1                    115 

t  Idbyba    m  t..  2J9 

n  edfl  f    f  m  nt^ 

nl      f                    99 

an                  Jm 

W 

ah     toy                  817 

not  h    ted  ab    e 

W  11      a     seen  n          348 

bol                       215 

u    n  t  ^  n  in         843 

ofa   I    Ho  cool       1  I 

W 

t       d                 01  285 

OwlliM                  d4 

W 

t    1  thcs  g   e  cuM  148 

pump     ,  -ecabl        260 
*^      il    1                  319 

saf                       2T 

f   td    g                  148 
&n.     cold                148 
Imiical    n  ori31tol36 

pu  fl  d                    7 
pu   a     b       &c      2r9 

reRe  U  anbja  potoSO 

k  ndling                   48 

moon  by  a  pa  h  349 

nght   ipLss           U7 

run   n    keep  pa     8  4 

h    ts                       149 

salt  bad  f     rash 

sumn.          Id      n 

W  te   pip     brofc  a  by 


grea    t 
k  pt 
Wh    1      ts 
Wh    1        1 


Sa     f 


)a 


1  I       ho 


80 


n      up  git 

1     g  ™ 

P  Iti         d    d  n 

ffi  80 

1     dl   li      kiySg  68 
m  81 


184  IND 

S;t'  candles. 
Will  o'  tlio  wisp,  {5« 

ignis  fatiius) 260 

Wind 268,2%  ■ 

aHbcts  barometer.  209 

■'  clouds  125, 127 
aflorHglitning..,.  17 
Altered  by  clouds..  27Q 

"    byolcctricity  127 

"    byseos 276 

always  blows. ....  272 
bringscluuds 132 

■'    diy 286 

•'    ram 286 

cause  of 268,272 

changes  tlie  stuine 

of  clouds..  12:!,  125 

cold 171,184 

^nela  clouds  125, 133 

"      fog 210 

draiTsup  Are 65 

driiis  linen 296 

effiictson  air 268 

fculs  hot  some  times  169 
Inci-easts  clouds..  126 
makes    barometer 

fall 299 

makes    chimnevs 

smoke 67,  108 

of  an  evening 290 

prevents  dew 191 

velocity  of 293 

regular 277 

Set  mimsnon,  -virtli ,  smitfi, 
VKSl,  <^,  Ifode-winds, 

Winding  passages  turned 

for  eidioea 384 

Windows  blading  with 

lliesun 84T 

not  at  noon 347 

covered  with  frost  197 

"         "    mist   196 

carriage,da!l....   197 


Windows  rattle S§7 

W  inc-glasaes  ( Kcs  lasses . ) 
Wine,  rermentatlon  of  241 
made  wUhout  yeast  251 

Winter  clothing 164 

Winters  less  Ecvere...   167 

Winter  cold 161 

promotes  hunger    00 

WiSDOM  OP  OoD   lu3,  163, 

133,  185,  225,  28.?,  289, 

328,  033 

WooDashcssoftcn\vater322 

burns 46 

"  spontaneously    69 

charred 72 

hot  at  one  end,  cold 

at  the  other . .  •  •     55 
ignited  bjr  nicHon    97 

kiDdling    47 

dry 49 

made  incombustible  49 
sends  forth  sparks  105 

snaps 103 

two  logs  burn  best    49 

will  not  melt 122 

Wooden  handles 156 

Woodpeckere  cry  befora 

rain 141 

Wool  bad  conductor ..  166 
collects  nodow..  193 

ivaiia 165,811 

Woollen  clothing 164 

kettle  holders. .  157 
Work  produces  hunger    87 

Yeast 215 

makes li{;!itbrcad  275 
not  used  in  wine  245 
usodinbreivi^ig,.  215 
Yellow  flame  gives  iKSt 

light 51 

soap  121 

sun-set  sign  of  wet.  1S3 

Zig-zag  liglitning 13 


INDEX  TO  PAKT    III. 


Abfjre  proof, ' 

Abandance    of  dew  a 
sign  of  fine  weather  i 

Aceticacid ■ 

Acid  stains  removed..  420 

Acryle 447 

Agate 438 

Air  rots  wood 420 

Albniuen 407 

Ale 443 

Alkali 420 

Alkaline  phospliatea..  441 
of  meat  407 

AraelhVBt 438 

ANTiDorBE  roB.  poisoNa  452 

Apples  sour 446 

Aqua<fui-ti3,autidotefor  453 
Arsenic,    antidote   for  452 

Baking     dough      into 

bread 426 

Barometers      measure 

heights 400 

Barytua 461 

Beer 443 

Bonrfrom  bod  cork- 
ing  444 

Belowproof 449 

Binoside 394 

Birds  kept  in  feathers  4iS 
Black  earth  turns  red  402 
Blackness  from  decay  419 

Block-tin 451 

Bloodstones 438 

Blue    looks   eruaa  by 

caadle-lighl 303 

Bine  sky 489 

Boiled  lulisler  red..,.  419 
shrimp  red....  429 

Boiler  bursts 395 

Boiling  meat 402 

stall'  milk,  cnrdles  424 
Boiling  wood  makes  it 


Books    discolored    by 

age 423 

Braaifpebbles 138 

Bread 42ft 

fiiU  of  eves ....  890 

hard  from  age..  410 

mouldy 427 

ne IV,  indigestible  410 

Bridges  increase  sound  433 

Bi'ino  preserves  meat.  407 

Broivn  paper  bums  well  SdS 

sticky  from 

rubbing..  40S 

Brownstout 443 

Bi'ushin^   bair    makes 

tlie  head  i(c!i 895 

Burning   glass   Ignites 

paper S93 

Burton  ale 443 

Batter  hard  from  cold  412 

soft  fioro  beat.  412 

Caimg'orum 438 

Candescence 431 

Candle  flickering 895 

Candle-wick  smell —  447 

Caiboulc  acid 439 

Caries 44T 

Casein 424,  443 

Caves  increase  sound.  413 

Cellular  fibre 433 

Cellulin 414 

Chalcedony 438 

Champagne 448 

Chandelier  lustrous...  404 
Chaps  and  chilblains..  402 

Cheese 426 

Chlorate  of  potash....  417 

Chloride  of  lime 440 

Chlorine,  ontidote  for.  442 

Cliioro[>hyll 411 

Clincky  stone 438 

Churning  makes  butter  425 
Claret 441 


Clolhing  waiTu  if  Tooso  dJJ 
Cloudsd>nDt  bide  light  430 
Citric  acid  44fi 

Citronssour  44« 

Cold  afTtiCte  skiD  402 

Color  896 

destroyed  li;  dark 
ncss  300 

faded  by  bun  425 

Contagion  p  Liinted      442 

Copper  Irarsting  3  (5 

Copper  cankirn  436 

Coikofboda  uatei  Hies  401 

pops  401 

Cornelian  433 

Ehmef    if  wet  397 

Corros  to  subl  mite        440 

antidote  for  453 

Court  buttons  415 

Cream  m^do  butter        426 


Crombs  madi,  bj  boil 

ing  437 

Crystal  438 

Cup  filled  bevond  br  m  15') 
notiftdgobenet  416 
Curdling  milk  423 

Curling     papir     with 


knivi 


418 


Currants  1  ard 

npc  soft  443 

Curtains  i  lomoto  teat  3  I7 

Damp  lucifers  417 

ol  decay  410 

Darkness  sp  lis  color  3% 
Decant«r  "topjiiu  stitka  418 
Decanting  liquor    gur 


Cccay   s^  ro 


410 


5!R 


Dentine 

Dextrin 

DiaBtnso  427 

Double  doors  locrease 

heat  397 

Double    reflexions    in 

glass  4S8 

Dough  iM 

made  bicad  426 

Drops  of  walLrspiead    406 

Du'<t  laid  by  nigUt         401 

Effervescing  dinuglits    420 

Egg  tamislusslur        423 

ra  8    rem     o  ^^^ 

Electricity  sticky  406 

Essential  oils  436 

E^plosiro   luciftrs  416 

Explosion  of  gnn powder  442 


revived  by  brush  3 
by  poker  3 
quenched  by  sul 


e  norUs 


426 

451 


Fish  luminous 

Fived  oils  43<I 
Flag  ntoncsloosc  in  frost  896 

Flickering  of  can  dlts  396 

Flint  438 

Fltmersbtnd  to  ena  429 

Fog  makes  sun  red  393 

Frost  loosens  pavement  809 

Fruit   antidoti,  foi  "" 


ungus 


427 


Glazed  pictures  gome- 
limes  iu  visible ... .  401 
QIajicr  mending  d  win- 
dow  404 

Glue  adhesive 432 

Goosetiomes  lin.rd —  443 
soft,  if  ripe  443 

sonr 446 

Grapes  Bonr 446 

Sreaso  spots  removed.  436 
Greasy  paper  unfit  for 

writing 435 

Green  flre-worlis 451 

fruit  hard 443 

nood  rots 4(3 

Grindstone  n'et 425 

Guano 438 

Gum  adhesive 432 

Ganpoivder  explosive,  442 
Quisling  explained...  416 
Gutta  purclia 448 

Hams  smoked 444 

Hard  bread 410 

aoap 445 

Hartsh  on)  removes  acid 

aiains , 420 

Heat  vearps  wood 425 

Hock 448 

Horn  Bhavioga  opaque  404 

Hiimns 436 

Hydrate 430 

of  the  carbonate 
ofcopper....  436 

Ice  in  India 434 

Iceplla 434 

Indianhouseskeptcool  435 

Indian-ruliber 448 

erases  pencil  marks  420 
Indian-rnbber  sticky..  405 
Indigo  blue,  white...  420 
Infectloa  prevented...  450 

Ink 394 

Ink-spots  black 394 


Ink- spots  removed 436 

turn  yellow  304 

Interstices 406 

Iodine,  antidote  for, . .  46A 

Iris  ornaments 415 

Iron  bends 430 

galvanized 460 

liissea 43C 

melts 431 

rnsta 398 

tnrnsred 431 

(umawliite 431 

Itcii 440 

Itching  eaosed  by  hair 
brush 396 

Jeweller's  gold 430 

Koifu     sharpened    by 
grindstones. 426 

Lectio  acid 424 

I.amb  soon  taints 409 

tender 408 

Larks  roasted  with  lard  407 

Lather. 399 

Laudanum,  antidote  for  452 
LeaddiiTers  from  solder  450 

Legumine 446 

Lemons  sour 440 

Ligneous  matter 414 

Light,  when  cloudy...  439 
Lightning    conductors 

pointed 421 

Likeness  reversed  in  a 

glass. 417 

Lime  for  mannre 438 

Lime-juice  cures  scurvy  440 

Limes  sour 446 

Linen  starched 421 

Liquor  gurgles 416 

Locomotive  whistle.. .  412 

Lucifer  matches 410 

spoilt  by  damp.  417 
Lustres  rariegatcd....  409 


Manure  for  land 4\S8 

Marking  irik 449 

Marl  for  manure 43a 

Meadowa  reverberate.  433 
Meat,     directions    for 

lioiiing 408 

preserved 444 

tough  when  old  408 
overcooked  408 
boiled  in  cold 

water. 408 

putrefies      from 

change 428 

damp..  428 
heat...  427 

Mice  destroyed 442 

Milk  iMiila  over 400 

quickly...  433 

burns 432 

curdles 423 

by  rennet  424 
sour  from  boiling  424 
heat...  424 
keeping  424 

431 

Moon  shadow  strong' . .  420 

Molber  of  pearl 4L4 

Mouldy  bread 437 

Moimtaint  meted 40G 

Mutton  fat  hard 411 

Oak  bark  contains  iron  419 
Oak  struck  by  lightning  419 

Oar  bent  in  water B92 

OU  liquid 411 

prevents    water 

freezing 432 

thick  in  winter  4!! 
used  on   grind- 
stones  42G 

Olelne 411 

ffinanthale 447 

ofethyle..  447 

Orangessour 446 

Overboiled  meat  tough  408 


Oxalic  acid 4^ 

antidote  for. 452 

removes  ink-spots  438 

OxidB  of  potassium. ..  445 

Paint  Wislers 409 

preserres  wood.  413 

prevents  rust., ,  398 

Pannary  fennonlation.  410 

Paper  curls  by  sci'aping  418 

discolored  by  age  428 

Partridges  roasted  luiiU 

lard 409 

Pflstfi  adhesive 433 

Pencil  marks  erased..  429 

Peroxide 394 

of  iron  red..  403 

Pewter 460 

Phosphate 407 

of  lime 440 

of  meat....  407 

Phosphoric  acid 439 

Pictures  glaxed  iuvittl- 

ble 451 

Plants  bend  tosnn....  429 
Plants  white  if  kejit  in 

the  dark 411 

Plaster  of  walls  pcala  otf  403 
Points  discharge  elec- 
tricity  422 

Poisons,  antidoics  for  4Q2 
Polish  of  steel  destroy- 
ed by  fire 413 

Pop-gnns  pop 412 

Porter,  dark 453 

Port-wino 448 

Potatoes   boiled 428 

Proof  spirit 448 

Protoxide 394 

of  iron  blacll  403 
of  copper...  4Sfl 
Prnssic  acid,  antidote 

for 463 

Putty  dancing 404 

Putrefaction 424 


Pntricl  Sah  lumlnaua..  439 
PfToligneous  acid 444 

Quai1sroa$ted  with  lard  409 
QuaitJi 488 

Rail  ivay  whistle 412 

train  jiassiiig  a  bridge 

or  meadow. 43S 

Rain  brings  down  cold  435 

Rat^  destroyed 442 

Red  earth 403 

fireivorts 461 

Reflection   in   a,   glass 

double 438 

reversed  417 

Rennet i'lti 

curdles  milk. ..  424 

Rhubarb  sour 446 

RiiH!  fruit  soft 4^3 

RoeU  crystal 428 

Rooma  kenC  warm  by 

curtains 807 

Kot 413,429,  441 

Rotting  leaves  lioC 410 

Bust 898 

pre  vented  by  paint  338 

Sails  of  mill  turn 306 

Salt 423 

beef  produces  scurvy  440 
remedy...  440 

meat  needs  vegetables  408 
removea  tarnish  IVom 

silver 422 

wine  stains 442 

tarnishes  silver 437 

larniahes  removed..  437 

Salts  preserve  meat ,. .  407 

wood...  414 

Sapid 409 

Bcraped  papcrcutls...  418 

Scurry 440,  441 

Sea  luminous 440 


EX  489 

Sesquiosido  of  iron...  8M 
Shadowofmoonandacn  4'Ji 

dark 443 

Shear  steel 449 

Sherry 448 

Shrill  sounds 412 

Shnrnps  red 420 

Silent  lucifurs 4IG 

Silica 4S8 

Silver  hotter  than  nickel  448 
tarnished  by  eg^, 

cleaned. 422 

by  salt  cleaned  437 

Skyhluo 439 

Small  beer 443 

Smell  of  sick  rooms  re- 
moved  442 

Smelling-bottle  stopple 

sticks 418 

Smoked  meat 444 

Soap  made  of  fat 44G 

Soapy  water  latliera...  399 

Soda  in  Uia. 444 

Soda  water  cork  flies  out  402 
pops..  401 

Soft  Boap 446 

Solder 450 

Son-el  sour 445 

Sound 412 

heard     flirt  host 

on  sea 406 

louder  in  caves.  413 
silenced  by  touch  899 

Som-milk 424 

curdles. 423 

Sponge  cleans  a  s'ate.  400 

Spores,  Spornlus 427 

Stains  removed. ..  .4J0,  488 

Starch  glares  hncn 400 

stiffens  linen...  421 

Stars  twinkle 400 

Stearine 411,  446 

Steel  made  tl-om  iron.  449 

made  brittle 434 

Stirring  a  fire 899 


stopples  stick 418 

Strands 137 

Strontian 451 

Stucco  fhJ Is  off 403 

Sulphate  of  lime 441 

soda 423 

Sulpliur  gnenchbs  fire.  421 
Sulphuret  of  silver,.,.  423 
Snlphui-etted  hydrogen  442 

Sulphurioacid 421 

antidote  for  452 

SuiphuTOijs  acid 421 

Sugar  of  dough 410 

Sua  fades  colors 426 

red  in  fog 393 

warps  wood 425 

Taintodmeat 428 

Tamarinds  sour 44G 

Tannat*  of  iron 4,'i6 

Tannicacid 394,  436 

Tanning  leather 446 

Tarnish  of  silver 437 

removed,  423,  437 

of  zinc 486 

Tartaric  acid 446 

Tea 444 

improved  by  soda  444 

in  Tarlary 445 

rushes  to  a  spoon.  415 

Teeth  decay 447 

TerosiJe 894 

Tooth-ache,  cause  of. .  447 
cure  of...  447 

Touch  sWIls  sound 399 

Tough  meat 408 

Turpejtlne       removes 

grease  spots 436 

Twinkling 400 

Dnaeaaoned  wood  rota  413 

Veal  soon  taints 409 

tender, 408 

Feeutable  fibre 414 


■Vegetahles  black  from 

decay 419 

essential  witli  salt 

meat. 408 

prevent  scurvy...  407 
wet  from  decay . . .  403 

Verdigris 438 

antidote  for..  433 

Vinegar  sour 446 

Volatile  oils 436 

Walking-stick  crombs.  437 

Water. 388 

freezes  if  exposed.  431 

aoonerthanmilk  431 

when  boiled  432 

hisaes  on  fire 480 

rota  wood 429 

seasons  wood 414 

spreads  on  cloth..  40C 
uaed  on  grindstones  42S 

Wann  clothing 897 

Wax  hard 409 

liquid 409,  434 

makes  cotton  strong  437 

soft 434 

Wetofdecay 403 

Wet  sponge  cleans  slat«  400 

While  lead 450 

leaves 411 

Whistle  of  locoraotive.  412 

Windows  mended 404 

Windmill  sails 399 

Wise  casks  smell 446 

sour  from  corking  444 
stains  removed. . .  -  441 

strength  of 448 

Wood,  decay  of 441 

flexible,  if  boiled.  437 
preserved  hy  paint  413 
by  salts  il4 
rotted  hyair.....  429 
warped  by  heat..  42S 

Wartscured 453 

Zinctanilah .  436 


Fabllshed  by  James  OlillDr,  522  Broadway. 

THE  FAVORITE  SCHOLAR, 

By   Hni-r  Howltt. 

And  Otlier  Tales.    63  cts. 


THE   BOY'S   BOOK    OF 

INDIAN  BATTLES  &  ADVENTURES, 

WITH    ANKCOOTBS    ABOUT  THKBI.    88  eta. 


ZBATEIS  AND  SQBPBISIIfG  ASVENTIJBES  07 

BARON   MUNCHAUSEN. 

LlattriMd  wiUi  10  .jll-poge.  and  22  smillet  EDgrivln^  88  cU 


AND  OTHER  STORIES. 


THE    CHILD'S   OWN 

TEtiRiKOT  ®F  WMm  TftiiS. 

Coatainiaf  the  best  and  nio»t  popular  1*0117  Ttlta. 
BeantirDll;  JllustriUeil.    Sqaire  ISmci.    fl.SS. 


HEW  AND  ATIEACTIVE 

irXTXTEIlXriljEIS, 


Just  IPiiblislied. 


^MY    DELIST  E, 

aud  othzs  siobies. 


THE    CHILD'S    OWN 

TREASURY  OF  FAIRY  TALES. 

Containing:  th«  beet  and  meet  popular  Fail?  Talei, 
EeautlfviUj  Illustrated.    Square  16mo,     fl.25. 


THE   MAGIC  RING", 

AND  OTHER  ORIENTAL  TALES. 

IlluEtrated.     88  cts. 


HOME  STORY  BOOK. 

i  Collection  of  unesceptionabls  Talea  by  MissStricklanii  an 
Misa  Grahail     lUualrated  by  24  beautiful  Engraving*. 


THE    BO'yS    BOOIi    OB' 

0DUN  BATTLES  &  ADVENTUKES. 

WITH   AHECDOTES   ABOUT   THEIL 
10  Engravings.    88  eta. 


„«,glc 


Just  Published. 

TKAVELS  AITD  SUSFBISmO  ADVENTUBES  0? 

EAEON  MUNOEAUSElf. 

tUnBtratodwith  11  full-page,  and  22  smaller  Engravinga   88  cts. 

THE  LIFE  .\m  ADVENTURES  OF  ROBIIVSON  CRUSOE. 

By  DiNiBii  Ds  Fob,  including  a  Memoir  of  the  Author,  wilh  an 
Essay  on  liis  writjcgs.  Printed  on  tinted  paper,  and  beauti 
fully  illustrated  by  TnwiliEa.     63  cts. 

OS, 

BIBLE  EXAMPLES  OF  EVERY-DAY  TRUTH. 

By  Miss  Gkiiiam,  witl  Engravings  by  J.  A.  Abaus.     38  cts. 

BLIND  ARTHUR,  AND  OTHER  STORIES: 

Being  a  collection  of  "  Moral  Lessons  and  Stories  on  the  Prov- 
orbs,^^  desired  to  render  some  of  those  inspired  sayings 
Qiore  easy  and  Ikmiliar  to  children.  By  Jasb  StbickIuIIJD 
Illusltated  by  J.  A.  ADAMS.    38  eta. 

LILIES  FROM  LEBANON; 

BCSIPTir&E  SKETCHES. 
By  Miss  Graham,  embellislied  with  8  beautiful  Wood-cuts 


PIOinEE  AND  yiESE  BOOK. 

Selected  and  arranged  from  the  best  authorities,  by  a  "Grand- 
father." Illuatrated  with  100  full-page  Engraving.  Plain, 
TG  cts.;  colored,  $1.25. 

FAVORITE  FAIRY  TALES 
FOR.  little:  folks. 

WiHi  70  lUuetrations  byTawAiTES  nnd  others,  engrayadbyth* 


ALWAYS  HAPPY; 

I'EI.IX  iND  HIS  SISTER  SEEENA. 


FEW   YORK: 
PUBLISHED    BY   JAMES  MILLER 


b.Goog[c 


TREASURY  OF  FAIRY  TALES. 

Embiiiciiig  the  best  and  most  popular  of  the  old 

fashioned  Fairy  Tales,  and  Illustrated 

in  the  highest  style  of  Art. 


FAVORITE  FAIRY  TALES 

FOK  LITTLE  F0LE3. 

With  70  Illustrations  by  Tuwaites  and  others. 

POPULAR  FAIRY  TALES 

FOR    LITTLE    FOLKS. 

With  60  Illustrations  from  original  designs. 


This  series  of  Fairy  Stories  h^  for  generationa 
been  listened  to  and  read  by  children  with  a  de- 
light which  all  others  have  f^ed  to  afford  them. 

That  tlieso  editions  may  be  more  perfect  than 
ny  others  extant,  they  have  been  embellished  with 
txquisile  specimens  of  high  Pictorial  Art,  froni 
wbich  children  may  derive  those  correct  ideas  that 
will  mature  into  the  beautiful  and  grand. 


AMY    DEANE, 

BY  VIRGINIA  F.  TOWNSEND. 


ILLUSTIIATED. 


NEW   YORK: 
PUBLISHED    13Y   JAMES  MILLEB 

Hif>4 

I  .i.t.,  Google 


NEW  ANJ)  AlTiLVCTlVE 
JUST  PUBLISHED  BY  JAMES  MILLEE. 


THE  DREAM  OF  LITTLE  TUK, 

AND    OTHER    TALES. 


THE  STORY  OF  CECIL  AND  HIS  DOG 


(BnMiK,  Jiitt  tj!  «8ail8ul)  of  Slierlaslinjj. 


RIGHT  AND  WROSB,  &  THE  GOLD  CROSS 


ALWAYS    HAPPY; 
Or,  AuecdoteB  of  Felix  and  ids  Sister  Serena. 

The  Well  ill  the  Rock,  and  Other  Stories 

Br    V1RGI^■IA    F.    TOWNSEND. 


J., ,.  Google 


A.MY     DIi^^il^E, 

AND  OTHER  STORIES. 
BY   VIRGINIA    F.    TOWNSEND. 

Beautifully  Illuatrated. 

The  intereBting  character  of  these  stories,  and 
the  high  moral  tone  which,  witliout  becoming 
tedious,  pervades  them  all,  recommends  tliia  book 
in  a  special  manner  to  our  Toung  Friends.  The 
Publisher  is  satisfied  that  on  perusal  it  will  be  found 
to  compare  favorably  with  any  of  the  tales  of  Mary 
Howitt,  Miss  Edgeworih,  Mi-s.  Hofland,  &c.,  <&c. 


THE  MAGIC  RING, 

AND   OTHER  ORIENTAL  FAIRY  TALES. 

IL  tiU  STR.A.TB!I>. 

The  same  simplicity  of  style  and  elegance  iif 
language,  which  have  rendered  the  "  Arabian 
Nights "  so  justly  popular,  will  be  found  in  thc: 
above  bcok,  whicL  the  Publisher  now  offers,  and 
which  will,  he  is  confident,  when  better  known, 
take  rank  amongst  our  most  Popular  Juvenilt 
Xiterature 


THE  FATOKITE  SCHOLAR. 

By  MARY   HOWITT. 
AND    OTHER    TA1-.KS. 


PALEY'S 
HVIDENCES  OF  CHRISTIANITY, 

with   AnnotJtioBs 

By  RICHARD  WHATELY,  D.  D., 


One  Volume,  Octavo,  Cloth,  $1,75. 

The  Publifher  feels  great  pleafure  in  calling  the 
attention  of  the  reli^ous  and  thinking  portion  of 
ihe  communiry  to  his  very  handfome  edition  of  this 
work  of  the  celebrated  Paley,  a  man  remarkable  for 
vigor  and  clearnefs  of  intellect,  and  originahty  of  char- 
acter, and  acknowledged  by  all  to  be  the  greatest 
among  the  divines  of  his  age,  and  without  a  fuperior 
fince  the  days  of  the  early  fathers  of  the  Protestant 
Church.  To  add  to  the  value  of  that  which  is  in- 
trinfically  valuable  in  itfclf,  the  volume  now  presented 
to  the  American  Public  is  enriched  with  "Annota- 
tions "  by  the  celebrated  Dr.  Whately,  Archbifliop 
of  Dublin,  than  whom  there  is  no  clearer  thinker  or 
more  powerful  writer  in  the  Proteftant  Hierarchy  of 

jlho,  uniform  wiiA  Ike  at«-ut, 

BACON'S    ESSAYS, 

With    Annotatiom 

Bt  Richabi>  Whately,  D.  D. 
Oofi  volume.  Octavo,  Cloth,  -  -  -  -      $1.50. 
James  Miller,  Publilher, 

jii  Breadvisf,  Niia  TarL 


b.  Google 


b.  Google 


